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CLEAN AIR ACT: OZONE AND PARTICULATE
MATTER STANDARDS

WEDNESDAY, FEBRUARY 5, 1997

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
SUBCOMMITTEE ON CLEAN AIR, WETLANDS,
PRIVATE PROPERTY AND NUCLEAR SAFETY,
Washington, DC.

REVIEW OF THE SCIENCE

The subcommittee met, pursuant to notice, at 9:37 a.m., in room
406, Senate Dirksen Building, Hon. James M. Inhofe (chairman of
the subcommittee) presiding.

Present: Senators Inhofe, Hutchinson, Allard, Sessions, Graham,
Lieberman, Boxer, and Chafee [ex officio].

Also present: Senators Baucus and Thomas.

OPENING STATEMENT OF HON. JAMES M. INHOFE,
U.S. SENATOR FROM THE STATE OF OKLAHOMA

Senator INHOFE. This hearing will now come to order.

As the new chairman of the Subcommittee on Clean Air, Wet-
lands, Private Property, and Nuclear Safety of the Environment
and Public Works Committee, I would like to welcome everyone to
our first hearing of the 105th Congress. Today’s hearing will look
at the EPA’s newly proposed ozone and particulate matter stand-
ards. I want to impress upon everyone that we are here to make
sure that we have one thing in common: we want good air to
breathe. I want it for the people in this room, for my kids, and for
my grandchildren. That’s what this is all about.

It is my intention to run this hearing in a balanced and thought-
ful manner. The witnesses for this hearing—and this will hold for
all future hearings—have been carefully selected to provide a com-
plete spectrum of diverse viewpoints. In particular, we have invited
the principal researchers the EPA relied upon in their proposal, as
well as the chairman of CASAC—the Clean Air Scientific Advisory
Committee. There are 21 members of this committee.

Some of today’s witnesses have already been criticized by envi-
ronmental groups for their ties to industry, in particular Dr. Wolff,
the chairman of CASAC. I want to extend my apologies to Dr. Wolff
for having his character impugned in this manner. I want to make
it very clear that he is not testifying today because of his occupa-
tion, but because he is the appointed chairman of the Administra-
tor’s Clean Air Scientific Advisory Committee.

o)
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The purpose of this hearing is to address the scientific questions
behind the recent EPA proposals to change the national ambient
air quality standards for ozone and particulate matter. We are not
here today to talk about cost/benefit. We are not here today to talk
about impositions on lifestyles. These are very significant issues
that will be addressed in future hearings.

As the chairman of this subcommittee, I selected the science is-
sues to being the oversight process because I believe we owe it to
the American public to help search for the facts and the truth.
These are very difficult and complex scientific issues and they de-
serve this separate hearing, apart from other considerations, be-
cause of the importance science has in formulating and administer-
ing our Nation’s environmental laws and policies.

There are a number of questions about the science that have
been raised since the EPA first published these proposals. It is my
hope that today’s hearing can begin to answer these questions, not
i)nly for myself and the committee, but also for the American pub-
ic.

First matter to determine: There is considerable confusion as to
what the EPA’s Clean Air Scientific Advisory Committee rec-
ommended and what they did not recommend.

Second, there are questions about which determinations made by
the Administrator were based on science and which ones were
based on policy judgments. While we are not going to question
those policy judgments today, we need to identify which ones were
based on science and which ones were not. Is the change from a
1-hour standard to an 8-hour standard for ozone justified by the
available science? I have heard very little disagreement there, but
I have heard disagreement concerning the specific threshold limit
set. Was this a science call or was it a policy judgment?

Third, how complete is the scientific body of knowledge behind
these proposals? If not, then is more time needed to conduct the ap-
propriate studies and research?

Fourth, with a scientific review of the standards required every
5 years, are we at a point today where we can say definitively that
the science requires a change in the standards, or are there still
too many uncertainties and unanswered questions?

While I applaud the Agency’s desire to protect the health of the
American public, we must be sure that our mutual goal will, in
fact, become a reality if these proposed regulations go into effect.
Too often, government officials—both elected and appointed—hid
behind scientists when proposing policy decisions. Congress hides
behind science when it tells agencies to promulgate regulations
based upon the best available science, instead of making the dif-
ficult policy decisions themselves; and administrations also hide be-
hind science by substituting scientific statements for policy find-
ings.

We need to let scientists tell us what the science is, but as policy-
makers and lawmakers, we need to take that science and deter-
mine what constitutes the best public policy decision.

Finally, I would like to say that I am pleased that the Adminis-
trator has agreed to extend the comment period by 60 days. It is
very difficult during the holiday season—and since it first came up
during the time of Thanksgiving—to productively use that period
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of time. The EPA needs to hear from all segments of the public,
and this extension will allow those people and organizations with
fewer resources to spend more time analyzing the proposals. This
will particularly help the States and local governments understand
the proposals, which is vital since they will be instrumental in the
implementation of these standards.

Senator INHOFE. I would now turn to the chairman of the parent
committee, the Environment and Public Works Committee, Senator
Chafee.

OPENING STATEMENT OF HON. JOHN H. CHAFEE,
U.S. SENATOR FROM THE STATE OF RHODE ISLAND

Senator CHAFEE. Thank you very much, Senator Inhofe. I want
to commend you for holding these hearings. You have a good list
of witnesses. You certainly were right when you said this was a
complicated subject.

Over the past 25 years our Nation has spent more than $450 bil-
lion to clean our air of life-threatening pollution. This effort has
been a tremendous success. The most recent report card issued by
the EPA indicates that pollution levels have been reduced by near-
ly 30 percent, on average, with even greater gains made for some
of the most serious pollutants, namely lead—lead is down 98 per-
cent, probably mostly due to the fact that we have gone to un-
leaded gasoline—and the reduction also in carbon monoxide, which
is also significant. All of these have occurred in some of our most
polluted cities.

In spite of these achievements, EPA has recently proposed new
regulations that suggest we have a long way to go. These new
standards for smog and soot are 25 percent to 35 percent more
stringent than the current levels and would require the expendi-
ture of tens of billions of additional dollars.

Senator Inhofe, in the subcommittee and in the full committee,
we plan to conduct a thorough review of these proposals. Senator
Inhofe, as I mentioned, is making an excellent start this morning.
The scientists, as he pointed out, we have with us this morning in-
clude the current and past chairmen of EPA’s Clean Air Scientific
Advisory Committee and some of the principal investigators whose
studies form the scientific foundation for these proposed standards.

I hope that all of the members of the committee on both sides
come to these hearings with open minds. These are extremely com-
plex proposals based on thousands of pages of detailed analysis. I
want to commend Administrator Carol Browner for seeking an ex-
tension from the court so that all of those affected by these propos-
als will have more time to review and consideration. She will be
with us at a hearing next Wednesday, February 12, before the full
committee. She has indicated that EPA stands ready to assist us
in any way that it can to help us understand these proposals.

Thank you very much, Mr. Chairman.

Senator INHOFE. Thank you, Mr. Chairman.

Next we will hear from the ranking minority member of the par-
ent committee, Senator Baucus.
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OPENING STATEMENT OF HON. MAX BAUCUS, U.S. SENATOR
FROM THE STATE OF MONTANA

Senator BAucus. Thank you, Senator.

Mr. Chairman, first I want to congratulate you on taking over
your chairmanship on a very minor, inconsequential issue

[Laughter.]

Senator BAucus. I admire your courage for beginning with this.

I am sure, as other Senators have mentioned, the Clean Air Act
has actually been a huge success for our country. I think it may
be this committee’s most significant accomplishment. Since the Act
became law in 1970, the population of the United States has grown
by 25 percent, and the size of our economy has doubled. During the
same time, our air has actually gotten cleaner, even with the in-
creased population and our economy. In some cases, a lot cleaner.

Air pollution from carbon monoxide has fallen by 28 percent
since 1970, from sulfur dioxide 41 percent, from particulates 80
percent, lead by 98 percent. A major reason for this success has
been the program of National Ambient Air Quality Standards. That
might sound arcane, but the basic idea is very simple. Before 1970,
we had a Federal air pollution program, but it wasn’t working. One
reason was that air pollution standards were determined by bal-
ancing public health standards against economic policy.

The principal author of the Clean Air Act, Senator Muskie, put
it this way:

The concept of economic feasibility had become an excuse for doing nothing, and

we agreed that the dangers to health from dirty air were sufficiently great that reg-
ulations should be based on the degree of control needed to protect public health.

So in the Clean Air Act of 1970, Congress remedied that defect
and established a two-tiered system for setting clean air standards.

In the first step, the EPA establishes national air quality stand-
ards at the level that is necessary, in the words of the statute, to
“protect public health” with an “adequate margin of safety.” As the
second step, the States write implementation plans. When they do,
they then have the flexibility to consider a variety of factors, in-
cluding costs. A State can, for example, decide that it makes more
sense to achieve reductions from a few large industrial sources of
pollution than from a lot of small sources like dry cleaners and
print shops.

Over the years, this two-step approach has kept the goal focused,
unambiguously, on public health. At the same time, it has allowed
States to consider costs appropriately at a later point.

Furthermore, the Act provides long lead times so that States and
industries have plenty of time to implement new requirements. For
example, the proposed standards that we are considering today
would not go fully into effect, as part of enforceable implementation
plans, for 12 years. That is 12 years after these proposed regula-
tions go into effect that individuals, companies, corporations would
feel the full effect of the proposals. If that deadline turns out to be
too tight, Congress can extend it, as it has before.

So cost can be taken into account, but only after we have estab-
lished a standard that protects public health. To my mind, this sys-
tem has served our country well. That is not to say that establish-
ing a health-based standard is easy. It is not. There are not bright
lines. There is no magical level above which everybody gets sick
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and below which no one does. Instead, the science of air pollution
is extremely complex. Like all science, it is based on hypothesis
and experimentation, risk, statistical assumptions, estimates of ex-
posure pathways, and on projections from animal studies to hu-
mans. It is never absolutely certain.

But we cannot allow the absence of absolute scientific certainty
to paralyze us. As the saying goes, we can’t let perfection become
the enemy of the good.

Howard Baker put it well in 1969, when he served in the position
that Senator Graham now serves in, as the ranking member of the
Air Pollution Subcommittee. Talking about an earlier version of the
air standards program, Senator Baker said, “There are those who
will challenge any criteria which lack final and absolute proof of a
direct and causal relationship. But responsible public policy cannot
wait upon a perfect knowledge of the cause and effect.”

If we cannot achieve perfect knowledge, what should we do? How
should we decide, in the fact of uncertainty, whether a new air
quality standard is appropriate? In the end, we have to step back,
put the slogans and politics behind us, and size it up. The question
is not whether the science is perfect. The question is whether, on
balance, in the judgment of the mainstream scientific community,
the standard will accomplish what the law requires, to protect pub-
lic health with an adequate margin of safety.

If not, the proposed standards should be modified. If so, then we
should work together to see that the proposed standards are imple-
mented reasonably and effectively.

Mr. Chairman, I commend you for calling this hearing and hope
that each of us will keep an open mind. This is especially impor-
tant now that EPA has requested 60 more days to consider public
comments. Some groups may be tempted to use that time to build
their political case, but that would be a disservice. Let’s take this
time to listen to the physicians, toxicologists, and epidemiologists,
but not to the spin doctors.

Thank you very much. I particularly thank the committee and
you, Mr. Chairman, for your indulgence in going over the 5 min-
utes.

Senator INHOFE. Thank you, Senator Baucus.

I would ask the members of the committee to try to confine their
remarks to 5 minutes so that we can get to the witnesses and get
our hearing carried on in a timely fashion.

I will follow the “early bird” rule, as has been the custom of this
committee, and go now to the first early bird who arrived, Senator
Sessions.

OPENING STATEMENT OF HON. JEFF SESSIONS, U.S. SENATOR
FROM THE STATE OF ALABAMA

Senator SESSIONS. Thank you, Mr. Chairman. I am glad to be
with you today and appreciate you holding hearings today to dis-
cuss the science behind the Environmental Protection Agency’s pro-
posed changes to ozone and particulate matter standards. I realize
this is an extremely technical issue and I am eager to hear testi-
mony from the leading-edge persons in the field.

Like so many of my colleagues, I am concerned about air quality
in our country and in my home State of Alabama. I commend the
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Environmental Protection Agency for doing a fine job in helping to
identify the most polluted areas of our country and those industry
and State officials who have made the adjustments—sometimes at
great cost—to improve the air we breathe. While there is little dis-
pute in some areas that more improvement is needed, current ef-
forts have resulted in a much higher overall air quality throughout
the Nation.

I understand that today’s hearing is focused on science because
it is only with sound scientific knowledge that we can make good
decisions. Changing the ozone and particulate matter standards is
by no means a small proposition. The ramifications of enacting
new, tighter standards will result in tremendous cost economically
and socially. Many industries would be forced to make costly over-
hauls of their plants and equipment, which could lead to job losses.
Likewise, State governments would be forced to shift scarce re-
sources to pollution control.

In short, I want to ensure that the decision to change the ozone
and particulate matter are based on sound, definitive scientific
data. History has demonstrated that theory, even when supported
by some scientific data, cannot be the only basis for action. In 1968,
Paul Ehrlich, the renowned doctor of population studies at Stanford
University, wrote a book called “The Population Bomb,” in which
he stated, “The battle to feed all humanity is over. In the 1970’s
and 1980’s, hundreds of millions of people will starve to death.”
One could easily imagine the terrible problems we would be having
today had that happened. That scientist’s predictions—thankfully—
were not correct.

Before we act to change ozone and particulate standards, we
need to identify the problem, understand the underlying science be-
hind the problem, and ask what the most appropriate steps, if any,
are needed to solve the problem. I look forward to working with
you in that regard.

Senator INHOFE. Thank you, Senator.

Next to arrive is the gentlelady from California, Senator Boxer.

Senator BOXER. Thank you very much, Mr. Chairman.

I want to add my praise to you for having this early hearing. 1
am very hopeful that we on this committee will be able to work to-
gether to do what prior Senators did before we got here. That is
to work together so that we protect the health and safety of the
people of our country. That is indeed, in my opinion, a great duty
and responsibility, perhaps our greatest. We have an Act, the
Clean Air Act, that has done this.

I would ask that my entire statement be placed in the record and
I will try, in 2 minutes, to sum up.

Senator INHOFE. Without objection, your prepared statement will
appear in the record.

OPENING STATEMENT OF HON. BARBARA BOXER,
U.S. SENATOR FROM THE STATE OF CALIFORNIA

Senator BOXER. In my home State, exposure of San Francisco
Bay Area residents to dangerous levels of ozone has been reduced
by 93 percent since 1970. It is a success story. Last year, the Bay
Area became the largest metropolitan area in the country to reach
attainment of current Federal ozone standards.
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However, my State overall continues to face the most challenging
and intractable air pollution problems in the Nation. Our south
coast basin has the most polluted air in the country. Although we
have seen steady improvement, most parts of southern and central
California do not meet the current Federal ozone standard or the
particulate matter standard.

Air pollution is a very serious problem. For example, according
to EPA the current average concentration of fine particulate matter
in southeast Los Angeles may be responsible for up to 3,000 deaths
annually, and more than 52,000 incidences of respiratory symp-
toms, including 1,000 hospital admissions.

Young children constitute the largest group of high risk from ex-
posure to air pollutants. They breathe 50 percent more air by body
weight than the average adult. In California alone, there are over
6 million children under the age of 14 and approximately 90 per-
cent of them live in areas that fail to meet State and Federal
standards.

How are children being affected? Studies show health effects
ranging from 20 to 60 percent loss of lung capacity. Despite this,
we hear representatives of industry claim that a 30 percent loss of
lung capacity is not really a health effect because it is only tem-
porary. Tell that to a mom whose asthmatic child has to stay home
or visit the hospital emergency room on a regular basis. Tell that
to a mom whose teenage son suffers from continuous coughing,
throat irritation, chest pain, and shortness of breath. And what
about the potential of causing permanent damage? We do have
studies of lab animals which indicate that long-term exposure to
ozone causes permanent damage to lungs.

The Clean Air Act directs the Administrator to set standards at
levels that, in the judgment of the Administrator, protect the public
health with an adequate margin of safety. This 1s the law. There
is no choice here.

Health, in my opinion, must continue to be the marker upon
which standards are based. And those standards must be based on
science. Once health-based standards are set, cost should play an
important role in implementation and timetables.

A lot of serious questions have been raised, Mr. Chairman, about
the EPA’s proposal. Industry is questioning the strength of the sci-
entific basis for the proposal. Some think it doesn’t go far enough.
In our search for answers, I think we need to look very closely at
what the EPA’s Clean Air Scientific Advisory Committee rec-
ommended. I won’t go into that now because that is what we are
going to hear about from the witnesses today. But frankly, the rec-
ommendations themselves are not that complicated. The back-up
material is.

We should keep our eyes on the two areas: the ozone level and
the dparticulate matter. We must keep the recommendations in
mind.

I look forward to working with you, Mr. Chairman, to answer
some of these questions. I am hopeful that we can come to this on
a bipartisan agreement that we can move forward.

I would particularly like to welcome Dr. Menzel and Dr. Wyzga,
who have come from California to testify before you.

Thank you very much.
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[The prepared statement of Senator Boxer follows:]

PREPARED STATEMENT OF HON. BARBARA BOXER, U.S. SENATOR FROM THE
STATE OF CALIFORNIA

Mr. Chairman, I believe that as Senators, we have no greater duty and respon-
sibility than to protect the health and safety of the American people.

The Clean Air Act does that and is one of our most successful environmental laws.
It is also often referred to as one of our most complex, comprehensive and far reach-
ing environmental laws.

Enormous progress has been made in the last 25 years to control and reduce air
pollution. For example, exposure of San Francisco Bay area residents to dangerous
levels of ozone has been reduced by 93 percent since 1970. Last year, the Bay area
became the largest metropolitan area in the country to reach attainment of current
Federal ozone standard.

However my State of California continues to face the most challenging and intrac-
table air pollution problems in the Nation. Our South Coast Basin has the most pol-
luted air in the country, and while we have seen a steady improvement of air qual-
ity, most of Southern and Central California does not yet meet the current Federal
ozone standard or the particulate matter standard.

Air pollution is a very serious problem. For example, according to the EPA, the
current annual average concentrations of fine particulate matter in Southeast Los
Angeles County may be responsible for up to 3,000 deaths annually, and more then
52,000 incidents of respiratory symptoms including 1,000 hospital admissions.

Even if current Federal standards were achieved, the Environmental Protection
Agency estimates 300-700 fine particle related deaths and more than 40,000 fine
particle related health effects.

Young children constitute the largest group at high risk from exposure to air pol-
lutants. They breath 50 percent more air by body weight than the average adult.
In California alone there are over six million children under the age of 14 and ap-
proximately ninety percent of them live in areas that fail to meet State and Federal
standards.

How are our children being affected? Studies show health effects ranging from 20
to 60 percent losses of lung capacity. Despite this, representatives of industry claim
that a thirty percent loss of lung capacity is not really a health effect because it
is only a temporary reversible loss in lung function. Tell that to a mother whose
asthmatic child has to stay home or visit the hospital emergency room on a regular
basis. Tell that to a mother whose teenage son suffers from continuous coughing,
throat irritations, chest pain and shortness of breath.

And what about the potential of causing permanent damage? We have studies of
laboratory animals which indicate that long term exposure to ozone causes perma-
nent damage to the lungs.

Mr. Chairman, in 1988 California expressed belief in the need for stronger clean
air standards when we passed the most stringent ozone and particulate matter
State standards in the country.

And let me put this in context—we are committed to continuing to make improve-
ments in air quality in a State that is projected to have double digit growth in popu-
lation (18 percent) in the next 10 years. By the year 2005, we expect to have 38.2
million people in California—up from 32.2 million. We'll have a lot more cars on our
highways.

The Clean Air Act directs the Administrator to set standards at levels that in the
judgment of the Administer protect the public health with an adequate margin of
safety. Health must continue to be the marker upon which standards are based.
And those standards must be based on science. Once health-based standards are set,
costs should play an important role in implementation and timetables.

A lot of serious questions have been raised about the Environmental Protection
Agency’T proposal. Industry is questioning the strength of the scientific basis for the
proposal.

In our search for answers, I think we need to look very closely at what the EPA
Clean Air Scientific Advisory Committee recommended.

They reviewed the available science and made a determination that there is an
adequate scientific basis for the Administrator to revise the standards. For both
ozone and particulates, the committee approved the EPA documents and the rec-
ommended specific ranges for new more stringent standards. The committee unani-
mously supported moving from the current 1-hour ozone standard to an 8-hour
standard; and 19 of 21 CASAC members supported moving to a fine particle stand-
ard for particulates.
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As we hear the criticisms of industry, we must constantly keep their final rec-
ommendation in our minds. We must not let the complexity of the debate let us for-
get them.

Mr. Chairman, I am going to work aggressively to pursue answers to the serious
questions that have been raised about the EPA proposal and I look forward to work-
ing with you, and the other members of this subcommittee.

Mr. Chairman I would like to welcome Dr. Menzel and Dr. Wyzga who have come
from California to testify before this subcommittee today.

Thank you.

Senator INHOFE. Thank you, Senator Boxer.
Senator Lieberman.

OPENING STATEMENT OF HON. JOSEPH I. LIEBERMAN,
U.S. SENATOR FROM THE STATE OF CONNECTICUT

Senator LIEBERMAN. Thank you, Mr. Chairman. Congratulations
on assuming the chairmanship. I look forward to working with you
on these important and difficult questions. I totally support your
thrust, as stated at the outset, that this is all about trying to find
a basis in science for taking the important actions that we are all
called on to take.

I am also going to ask that my statement be included in full in
the record and see if I can draw more briefly from it.

Senator INHOFE. Without objection, your prepared statement will
appear in the record.

Senator LIEBERMAN. To simply restate that these national ambi-
ent air quality standards that we are talking about here have been
a cornerstone of the Clean Air Act since 1970 and they are based
on a judgment that Congress made—and in a sense renewed in the
reauthorization in 1990—which is that the ozone, particulate mat-
ter, and other common pollutant levels have to be based on a
standard that is adequate to protect public health.

We made a judgment here that the basis of the standard was
going to be protection of public health with an adequate margin of
safety. In fact, the standards are designed to ensure that sensitive
groups—not super-sensitive groups—such as children, the elderly,
and people with asthma or emphysema, which amounts in total to
almost one-third of the American people, do not suffer adverse
health effects as a result of breathing unhealthy air.

The point I want to stress is one that I believe Senator Baucus
made, which is that while the health standard is the basis for these
air quality standards, they are not applied inflexibly. In fact, the
plans that the States adopt are able to include specific consider-
ation of cost in deciding how long it should take to implement the
health-based standard. It can also have special allowances for
small businesses because of the extra dimension of financial dif-
ficulty for small businesses.

Areas are given varying times to reach these national health-
based standards, depending on how difficult the task is. I can tell
you in my own State, Fairfield County—which has a serious prob-
lem—is given under our implementation plan 17 years to come into
compliance because of the difficulty in doing so. The bottom line is
that this approach has been very successful.

Greg Easterbrook, an author, has written on these matters, and
he said, “The Clean Air Act isn’t perfect, but it ranks as one of the
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most successful, cost-effective government initiatives of the modern
era.”

Again, Congress and EPA have been flexible in implementing
this Act. EPA has recognized that some deadlines have been dif-
ficult to meet because of air that is brought in from outside the
State. On two occasions, Congress has extended the time-frame for
compliance. EPA, as is the case now, has constantly worked with
advisory committees of industry, environmental groups, and others
to develop these cost-effective strategies.

In response to the new proposed standards—which I gather are
the first since the late 1970’s in the Carter Administration and in
the second case since 1987 during the Reagan Administration.
There are some understandable questions being raised about the
science, but there also seem to me to be some questions raised
about whether these air quality standards should continue to be
based on health concerns.

Mr. Chairman, I want to say very clearly and strongly that the
basic structure of this system, which is health-based air quality
standards with cost coming into consideration and a very flexible
implementation phase, is resoundingly the right way to go. For me,
in one sense, my conclusion is based on a simple proposition which
is that people have a right to know, by the best available scientific
standards, whether they are breathing clean air.

In areas that don’t meet the standards, people know they are
breathing air that presents a risk of their personal health. We can
at least explain to them why they are not yet breathing fully clean
air, which is that the cost of controls are too expensive, or in some
areas it is just impossible to achieve the level we want in an early
amount of time.

I am extremely reluctant to change that basic paradigm, which
I fear some are asking us to do in response to the proposed stand-
ards for ozone and particulate matter. In other words, Mr. Chair-
man, it is one thing to tell the public, “You won’t have clean air
for 10 or 15 or 17 years.” It is quite another to tell the public that
they can no longer know whether the air they breathe is clean or
dirty because the air quality standards reflect somebody’s mixture
of cost feasibility and health consideration.

In terms of setting health-based standards, EPA is inevitably
faced with scientific uncertainties. Over the last 25 years, the bi-
partisan policy has been to err on the side of caution. Understand-
ably so, when one considers the consequences here. But that
doesn’t mean they are erring on the side of caution, that is, acting
solely on speculation. It means selecting a scientific standard along
a continuum of levels that would provide varying degrees of public
health protection and then articulating a rationale from a public
health perspective for selecting a particular standard.

Let me say finally, Mr. Chairman, that I am impressed that Ad-
ministrator Browner has relied on a large number of studies con-
ducted by different investigators in various locations in the United
States and worldwide, each possessing distinct climates, demo-
graphics, and lifestyles. But the conclusions are riveting. EPA con-
cludes that 40,000 people are dying prematurely every year from
exposure to particulate matters, even in areas currently meeting
the national ambient air quality standard. That is to say that
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40,000 people would have lived longer were it not for particulate
air pollution.

With respect to ozone, EPA concludes that the new standards are
necessary, particularly to protect approximately 13 million kids
and 3 million asthmatics.

Finally, for me the statements by the Administrator in her pro-
posed rule present very strong reasons to listen very carefully to
her arguments for setting new standards. I am impressed by what
she has to say, but these are big decisions with enormous con-
sequences in health and in cost. Therefore, we have to be open to
comments from a broad range of people.

That is why I appreciate, Mr. Chairman, the range of witnesses
you have called today and why I look forward to the testimony.

[The prepared statement of Senator Lieberman follows:]

PREPARED STATEMENT OF HON. JOSEPH I. LIEBERMAN, U.S. SENATOR FROM THE
STATE OF CONNECTICUT

Thank you, Mr. Chairman. I welcome these hearings and look forward to working
with you in your new position as subcommittee chair.

The National Ambient Air Quality Standards have been a cornerstone of the
Clean Air Act since 1970. The law requires EPA to set standards to reduce ozone,
particulate matter and other common air pollutants at levels which are adequate
to protect public health with an adequate margin of safety. The standards are de-
signed to ensure that sensitive groups such as children, the elderly, and people with
asthma or emphysema—nearly one third of our population—do not suffer adverse
health effects as a result of breathing unhealthy air.

After these standards are set, States must develop implementation plans to meet
them. These plans include specific requirements for industry that take cost into ac-
count. They can also consider the needs of small businesses. Areas are given varying
times to reach the national standards, depending upon how difficult the task. The
Fairfield County area of Connecticut, for example, is given 17 years to come into
compliance.

This approach has been very successful. Levels of carbon monoxide, lead, volatile
organic compounds, particulate matter and sulfur dioxide have dropped dramatically
in the period between 1970 and 1995. As Greg Easterbrook has written: “The Clean
Air Act isn’t perfect, but it ranks as one of the most successful, cost-effective govern-
ment initiatives of the modern era.”

And both Congress and EPA have been flexible in the implementation of the Act.
EPA has recognized that certain deadlines are difficult to meet because of trans-
ported air pollution. On two occasions, Congress has extended the timeframe for
compliance.

Currently, EPA is working with an advisory committee of industry, environmental
groups and other interested parties to develop cost-effective strategies for imple-
menting the proposed standards. I'm confident that many very creative ideas will
come out of that process and I look forward to its recommendations. That’s the his-
tory of the Clean Air Act—the development of new technologies and innovative ap-
proaches which greatly reduce the cost of compliance.

Questions are now being raised about whether or not air quality standards should
be based solely on health concerns. Mr. Chairman, I want to take some time this
morning to explain why I strongly believe that the fundamental structure of the
Clean Air Act—health-based air quality standards with costs coming into consider-
ation in the implementation phase—is the right one.

In one sense, the answer is simple. People have the right to know whether they
are breathing clean air. Today, in areas that don’t meet the standards for ozone or
particulate matter or carbon monoxide, people know they are breathing air that pre-
sents a risk for public health. We can also explain to them why they are not yet
breathing clean air: costs of controls can be expensive and some areas need time
to reach the goals.

I don’t want to change that paradigm. If the standards are not based solely on
public health, some places in our country could be meeting the standards and still
have unhealthy air. What kind of confidence could the public have about such a sys-
tem? Not very much.

In other words, Mr. Chairman, it’s one thing to tell the public that you won’t have
clean air for 10, 15, or even 17 years because that timeframe will allow for imple-
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mentation of more cost effective solutions. It’s quite another to tell the public that
they can no longer know whether the air they breathe is clean or dirty because the
air quality standard reflects some mixture of cost and health considerations. If an
area meets an air quality standard, it should mean that the air is clean and healthy
to breathe. Anything less is uninformative at best, deceptive at worst.

In terms of setting health based standards, EPA is inevitably faced with scientific
uncertainties. Over the last 25 years, the policy has been to err on the side of cau-
tion. We must act without scientific certitude because our goal, wherever possible,
is a serious one: to prevent deaths and illnesses. Erring on the side of caution does
not, of course, mean acting based on speculation. It means selecting a standard
along a continuum of levels that would provide varying degrees of public health pro-
tection, and articulating a rationale from a public health perspective for selecting
one standard and not a lower or higher standard.

Let me comment briefly on the proposals before us. For both of these proposed
standards, EPA relied on a large number of studies conducted by different investiga-
tors, in various locations in the U.S. and worldwide, each possessing distinct cli-
mates, demographics and lifestyles.

With respect to particulate matter, EPA concludes that forty thousand people are
dying prematurely every year from exposure to particulate matter even in areas cur-
rently meeting the standard—which is to say they would have lived longer were it
not for particulate air pollution. Such exposure, according to EPA, also leads to tens
of thousands of cases of chronic bronchitis, and hundreds of thousands of incidences
of aggravation of asthma and other respiratory symptoms.

With respect to ozone, EPA concludes that new standards are necessary particu-
larly to protect approximately 13 million children and three million asthmatics who
are not protected by the current standard from aggravated respiratory problems
that can lead to increased hospitalization, illness, days missed from school and
work, and other restrictions on activity.

The statements made by Administrator Browner in her proposed rules present
compelling reasons to listen carefully to the arguments for setting new standards
for ozone and particulate matter. But these are big decisions, and therefore we must
be open to comments from a broad a range of people as possible. That’s why today’s
hearing is especially timely and useful.

Mr. Chairman, I come from a State where the air quality is among the worst in
the nation—in significant part as a result of air transported from other regions of
the country. I have visited St. Francis Hospital in Hartford where people are sick
because of air pollution. And it’s not unusual for me to receive a letter similar to
the one I received in November from a constituent who lives in Fairfield, Connecti-
cut. She told me that her sister has pulmonary disease and every bit of polluted
air is harmful to her health. My constituent has no power on her own to protect
her sister from pollution. But she has the power, under the Constitution, to petition
ﬁs iﬂ}lld request that we do what we can to clean up the air and protect public

ealth.

That is a proper role of government. Government exists to protect our security.
That means defending against threats from abroad. It means protecting us from
criminals here at home. And it also means acting to protect the public from pollu-
tion that threatens their health, because fighting pollution is a task no individual
1can accomplish without the help of strong laws and adequate enforcement of those
aws.

We may never have air that is completely free of contamination. And we will
never have enough money to do everything we should to clean up the air. The ques-
tion of cost has to come into play in deciding exactly how, and how fast, to reach
the goal of cleaner, healthier air. But we should not let cost compromise that goal,
lest we lose sight of who we really represent.

Senator INHOFE. Thank you, Senator Lieberman.
The next Senator is Senator Hutchinson, one of our new mem-
bers.

OPENING STATEMENT OF HON. TIM HUTCHINSON,
U.S. SENATOR FROM THE STATE OF ARKANSAS

Senator HUTCHINSON. Thank you, Mr. Chairman.

I want to add my appreciation to you for calling the hearing
today. Certainly, as Senator Lieberman said, this is a big decision
and it does have enormous consequences. It is a huge issue in the
State of Arkansas. I have heard from many of my constituents
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about this. I appreciate you calling the hearing to discuss the sci-
entific basis behind the EPA’s proposal to further regulate particu-
lates and ozone.

I am not a scientist, and this is one of the most complicated is-
sues with which I have ever dealt. So this hearing is particularly
important to my understanding as well as the understanding of my
colleagues, as I suspect, as well.

While I do not claim to understand all the intricacies of the sci-
entific research, which has been made available to me, I have
learned a great deal and I hope that some of the issues will be ex-
plained in more detail today before I make any judgments on the
science and the regulations which are proposed. I want to reiterate
that I am withholding judgment until I more fully understand the
science and perhaps understand the reasoning EPA used to deter-
mine their proposal.

One concern I have is the fact that there is no scientific evidence
that supports a threshold level for regulation of ozone. We do not
know at what point ozone is at a safe level. In addition, as I under-
stand it, there are natural phenomena, which could raise ozone lev-
els above even the current levels for attainment, and well above
the proposed standards. If this is the case, it seems possible that
certain areas of the country could never be in compliance with the
Clean Air Act. Considering the sanctions that EPA has at its dis-
posal, that is a rather daunting possibility.

Perhaps my greatest concern, however, is the lack of data that
exists on PM,s. EPA is recommending that particulate matter be
regulated at a level that we have not even measured. As I under-
stand the science, there are not enough monitors in the United
States that measure PM3s to justify setting such a stringent stand-
ard. Not only can we not measure 1t, but there is no evidence what
types of PM,s may be the culprit for health problems. My concern
is that we could conceivably regulate particulates that are not even
the real problem.

As I mentioned, I have not yet decided on a position on the regu-
lations and I feel very strongly that these questions need to be ade-
quately answered before I can make the right decision.

Mr. Chairman, thank you again for having this hearing. I think
it shows great insight on your part to convene a hearing on the
science issues early on so that we can completely understand these
proposed regulations. I thank you for calling the hearing.

[The prepared statement of Senator Hutchinson follows:]

PREPARED STATEMENT OF HON. TiM HUTCHINSON, U.S. SENATOR FROM THE
STATE OF ARKANSAS

Thank you, Mr. Chairman. I sincerely appreciate the opportunity to be here today
to discuss the scientific basis behind the EPA’s recent proposal to further regulate
particulates and ozone. I am not a scientist and this is one of the most complicated
issues with which I have ever dealt, so this hearing is particularly important to my
understanding, as well as the understanding of my colleagues, I imagine.

I am pleased that we have the opportunity to hear from Dr. George Wolff and Dr.
Morton Lippmann, the current and former chairmen of the Clean Air Scientific Ad-
visory Committee, respectively. I trust that your expertise in the issues and your
knowledge of the process will prove extremely beneficial to all the members of the
committee, as well as the citizens of the United States, as we all try to understand
the complicated issues we are about to discuss.

While I do not claim to understand all the intricacies of the scientific research,
which has been made available to me, I have learned a great deal and I hope to
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have some issues explained in detail, before I make any judgments on the science
and the regulations which are proposed. I want to reiterate that I am withholding
judgment until I more fully understand the science and perhaps understand the rea-
soning EPA used to determine their proposal.

One concern I have is the fact that there is no scientific evidence that supports
a threshold level for regulation of ozone. We do not know at what point ozone is
at a safe level. In addition, as I understand it, there are natural phenomena, which
could raise ozone levels above even the current levels for attainment, and well above
the proposed standards. If this is the case, it seems possible that certain areas of
the country could never be in compliance with the Clean Air Act. Considering the
sanctions EPA has at its disposal, this seems to be a daunting possibility.

Perhaps my greatest concern, however, is the lack of data that exists on PM;s.
EPA is recommending that particulate matter be regulated at a level that we have
not even measured. As I understand the science, there are not enough monitors in
the United States that measure PMys to justify setting such a stringent standard.
Not only can we not measure it, but there is no evidence what types of PM2s may
be the culprit for health problems. My fear is that we could conceivably regulate
particulates that are not even the real problem.

As I mentioned, I have not yet decided on a position on the regulations and I feel
very strongly that these questions need to be adequately answered before I can
make a decision. Mr. Chairman, thank you for having this hearing. I think it shows
great insight on your part to convene a hearing on the science issues early on, so
we can completely understand these proposed regulations.

Senator INHOFE. Thank you, Senator Hutchinson.
We will now hear from Senator Allard.

OPENING STATEMENT OF HON. WAYNE ALLARD, U.S. SENATOR
FROM THE STATE OF COLORADO

Senator ALLARD. Thank you, Mr. Chairman.

I, too, would like to extend my congratulations to you, the chair-
man of this subcommittee. I look forward to working with you and
the other committee members. I appreciate today’s hearing and
hope that we can clear the air, so to speak, on at least the science
aspect of these regulations so that we can address policy with Ad-
ministrator Browner next week.

I think today’s hearing will be the most important hearing on
this issue because it focuses on the science. I hope today we can
walk away from this hearing having cleared up the factual dispute
over the science of these regulations. If this occurs, then we can ei-
ther enter into a policy discussion with Administrator Browner
next week, or we can decide to get out of the way and allow the
EPA to do their work.

However, if today’s hearing does not clear up whether the science
is sufficient, next week we will have the opportunity to follow up
today’s discussion with Carol Browner. In any event, I look forward
to listening and learning from all our present and future witnesses
because learning is what this process is all about.

Over the past several weeks, I have contacted local elected offi-
cials in Colorado and also outside scientists. They have certainly
helped me understand the importance of this issue to Colorado and
the Nation. I might point out that in Colorado we have a special
circumstance because of our high altitude. As many other States
have special geographic considerations, our altitude does create
some special interest, as far as I'm concerned, as to whether it is
easier for us to comply or whether it is more difficult.

Mr. Chairman, once again, thank you for calling these hearings.

Senator INHOFE. Thank you, Senator Allard.
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We are very pleased today that we have the entire committee
present. We will now hear from Senator Graham.

OPENING STATEMENT OF HON. BOB GRAHAM, U.S. SENATOR
FROM THE STATE OF FLORIDA

Senator GRAHAM. Mr. Chairman, I do not have an opening state-
ment other than to say that I appreciate the fact that we are hold-
ing this hearing so promptly. Today we will focus on the science of
the issue and then next week on some of the public policy implica-
tions. I believe that is the right sequence in which we should pro-
ceed. I look forward to receiving the testimony of this distinguished
group this morning.

Senator INHOFE. Thank you, Senator Graham.

For the information of those here today, Senator Graham is the
ranking member of this subcommittee.

I am placing in the record at this point the statement of Senator
Thomas, a member of the full committee.

[The prepared statement of Senator Thomas follows:]

PREPARED STATEMENT OF HON. CRAIG THOMAS, U.S. SENATOR FROM THE
STATE OF WYOMING

Thank you, Mr. Chairman, for holding this hearing today to discuss the Environ-
mental Protection Agency’s (EPA) proposed rule on Particulate Matter (PM) and
Ozone. Since the EPA released their criteria on November 27, 1996, State and local
governments, grass roots organizations, small businesses—in addition to many of
the nation’s Governors—have outlined problems and, opposition, to the new regula-
tions. Their concerns need to be heard and fully examined before any final action
occurs on this contentious issue. Furthermore, we need to ensure that we are using
the best science possible.

At the outset, I want to compliment the EPA for requesting an extension of the
comment period an additional 60 days. To quote Senator Chafee in his letter to
Molly Clark of the American Lung Association, “this is the largest single regulatory
proposal ever made by EPA.” With that in mind, and with virtually every industry
in America affected by these new standards, it is imperative that additional time
bebzil]lowed to properly address the impacts these requirements will place on the
public.

As we all know, the Clean Air Act (CAA) requires the EPA to identify and set
standards for pollutants which potentially threaten public health. Particulate mat-
ter and ozone are two of six pollutants for which the EPA has developed National
Ambient Air Quality Standards (NAAQS). Currently, we have a PM;o standard
which regulates particles 10 microns in diameter and smaller and an allowable level
of .12 parts per million cubic feet of ozone. It’s important to note that according to
the EPA’s own reports, these pollutants have been significantly reduced over the
past 10 years and will continue to decline as the 1990 Clean Air Act amendments
are implemented.

However, the EPA now wants to regulate particulates of 2.5 microns and smaller
and initiate a standard of .08 parts per million for ozone. I am skeptical that lower-
ing the NAAQS for particulate matter and ozone will actually achieve the level of
protections stated by the EPA. The panelists we will hear from today are experts
in the fields of science, health and medicine. I look forward to their testimony and
views to see if in fact the EPA’s proposed rule is necessary to protect public health.

Mr. Chairman, one of the most troubling aspects of this process is EPA’s rush to
judgment to implement their proposed PM and ozone regulations before we truly
know which particulates cause damaging health effects. I want to make sure that
principles of sound science are being applied. As you know, this is a very technical
1issue and we should be confident that the choices we are making will get to the
heart of protecting public health. Unfortunately, I do not believe that has been es-
tablished. In fact, the EPA’s own Clean Air Scientific Advisory Committee (CASAC)
stlated that “our understanding of the health effects of particulates is far from com-
plete.”

I am also concerned about the geographic areas that will be thrown into non-
attainment as a result of these standards. The EPA projects that 336 counties na-
tionwide will be in nonattainment as a result of the new ozone rule and 170 coun-
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ties will be in nonattainment due to the proposed PMs s revision. It’s no secret that
many parts of the country are having problems meeting current emissions reduc-
tions. If these requirements are implemented they could actually postpone efforts
to achieve attainment status.

Mr. Chairman, we all want to protect public health and the environment. In fact,
it was the Bush Administration that passed the Clean Air Act amendments of 1990
and a Republican Congress that passed the Safe Drinking Water Act, the most envi-
ronmentally friendly farm bill in history and legislation to strengthen food safety
laws—all last year.

However, the jury is still out on whether there is sufficient data at this time to
decide what changes should be made to the PM and ozone standards. Nonetheless,
it is important to have the best scientific data available to us. I compliment the
chairman for holding this hearing and look forward to hearing from the witnesses
that have been invited to testify before us today. Thank you.

Senator INHOFE. I now ask our first panel of witnesses, Drs.
Lippmann and Wolff, to be seated at the witness table.

The way we have divided the panelists today is to start with two
members of CASAC, the Clean Air Scientific Advisory Committee.
The second panel will be expert scientists in the issue of ozone. The
third and final panel will consist of experts who will focus on the
particulate matter issue.

While they are coming forward and taking their chairs, I would
like to give you an overview of how we will proceed during this
public hearing. We have a total of eight witnesses who will be testi-
fying today.

While you listen to testimony that will be given here today, you
will hear speakers with whom you agree and disagree. I would like
to ask that those of you who are in the audience would not show
signs of approval or disapproval. That would be nothing but disrup-
tive to our process.

Each witness will be allocated 5 minutes to give his or her open-
ing statement. There will be lights in front of you, green, yellow,
and red. When you see the yellow light, I would ask you to try to
conclude your remarks. Of course, when the red light comes on,
your time has expired.

Following each of the 5-minute comments by each of the wit-
nesses on the panel, I would then ask any member of the sub-
committee if he or she would like to ask questions. Then we will
have a round of questions and answers.

I think we are ready to begin. Let me introduce the members of
the first panel.

We have Dr. George Wolff, the chairman of the Environment
Protection Agency’s Clean Air Scientific Advisory Committee, and
Dr. Morton Lippmann, professor of environmental medicine, Insti-
tute of Environmental Medicine, New York University.

We will begin with Dr. Wolff.

STATEMENT OF GEORGE WOLFF, CHAIRMAN, CLEAN AIR SCI-
ENTIFIC ADVISORY COMMITTEE, GENERAL MOTORS COM-
PANY

Dr. WoLFF. Thank you, Mr. Chairman, and good morning.

I am George Wolff, principal scientist for General Motors cor-
porate affairs staff. I am here today in my capacity as chairman
of EPA’s Clean Air Scientific Advisory Committee’s panels that re-
viewed the scientific basis for EPA’s proposed changes to the ozone
and PM;o standards.
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Mr. Chairman, the debate over EPA’s recent proposal to revise
the standard for ozone and establish a new standard for PM,s,
which is particulate matter with a diameter less than or equal to
2.5 microns, has complex scientific elements. The range of opinions
on the reliability of the science varies widely.

CASAC has spent 2 years reviewing the data and studies that
form the basis of EPA’s proposed rules. I have provided for the
record a detailed analysis of the CASAC review process, which I
hope will be instructive to the subcommittee in its deliberations.

This morning, I would simply summarize the highlights of the
panel’s findings on both pollutants.

With respect to ozone, the bottom line is that although the
ranges of concentrations and allowable exceedances proposed by
EPA were considerable, there was really no bright line which dis-
tinguished any of the proposed standards—either the level or the
number of allowable exceedances—as being more protective of pub-
lic health, including the present standard. The weight of evidence
indicates that there is no threshold concentration for the onset of
biological responses due to exposure to ozone above background
concentrations.

Based on information now available, it appears that some indi-
viduals may respond to ozone exposure no matter what the level.
What this means is that the old paradigm of identifying the lowest
observable effects level and then providing an adequate margin of
safety is not possible, either in practice or theory. It further means
that as a consequence, EPA risk assessments must play a key role
in identifying an appropriate level.

In reaching the conclusion that there is no bright line in terms
of public health benefits, we found, for example, that the dif-
ferences of percent of outdoor children responding between the
present standard and EPA’s more stringent proposal—that is, 8
hours, one exceedance at .07 parts per million—were statistically
insignificant for all health endpoints. Further, when ozone-aggra-
vated asthma admissions were compared to total asthma admis-
sions, the differences between the various options were small.

As a consequence, the panel concluded that the selection of a spe-
cific level and number of allowable exceedances is a policy judg-
ment rather than a decision based on the underlying science.

In summary, the scientific community has made great strides in
its understanding the health effects of ozone exposure because of
ongoing research programs. Nevertheless, there are still many gaps
in our knowledge and large uncertainties in many of the risk as-
sessments. The good news is that the scientific community may
now be in a position to frame the important questions that need
to be addressed before the next ozone review is completed in 5
years.

Turning to PM, our understanding of the health effects of PM is
far from complete. Having said that, the panel agreed that retain-
ing the annual PM;o standards at their current level is appropriate
at this time. There was also consensus that a new PM;s standard
be established to distinguish between coarse and fine particles.

However, there was no consensus on the level, averaging time,
or form of the standard. For example, four panelists supported spe-
cific ranges near the lower end of EPA’s proposal. Eight others de-
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clined to select a specific range at all. Seven selected a level near,
at, or above EPA’s proposal. Two members recommended against
the PM> 5 standard.

At least in part, this diversity of opinion can be attributed to the
accelerated review schedule. The deadlines did not allow adequate
time to analyze, integrate, interpret, or debate the available data
on this very complex issue. Nor does the court-ordered deadline
recognize that achieving the goal of a scientifically defensible
standard may require interim steps.

The diversity of opinion among CASAC members underscores the
many unanswered questions and uncertainties associated with es-
tablishing causality between PM,s and premature death. Among
these are exposure misclassification, lack of understanding of toxi-
cological mechanisms, and the existence of possible alternative ex-
planations.

The panel expressed its desire to avoid being in a similar situa-
tion when the next PM review cycle is undertaken, and therefore
urged EPA to implement immediately a targeted research program
to address these unanswered questions and uncertainties. The
panel also believed that it is essential that EPA obtain long-term
PM, s measurements.

Mr. Chairman, that concludes my formal remarks. I will be
happy to respond to any questions the subcommittee may have.

Senator INHOFE. Thank you, Dr. Wolff.

Dr. Lippmann.

STATEMENT OF MORTON LIPPMANN, INSTITUTE OF
ENVIRONMENTAL MEDICINE, NEW YORK UNIVERSITY

Dr. LipPMANN. Thank you, Mr. Chairman.

My full statement gives my background. I have personally been
involved in research on this issue for many decades.

Senator INHOFE. Without objection, your prepared statement will
appear in the record.

Dr. LipPMANN. In fact, the size selective standards were based
largely on my lab work. I have done the physiology and deposition
studies that support that. I also started the chain of studies in the
natural setting showing exposure response relationships for ozone
to children, where there is no question that higher exposures
produce greater responses. Dr. Thurston will later talk about our
studies in asthmatic children, which show medication usage is di-
rectly related to the ozone and sulfate levels.

In my view, the EPA proposals for the revised standards are
clearly not too strict, since they will permit exposure that will
cause excess mortality and morbidity. In my view, the EPA Admin-
istrator has made a prudent public health judgment in her selec-
tions of the standards.

The Administrator’s decision to proceed with changes in both at
the same time is a good one because both pollutants come from the
same sources. They interact and it doesn’t make sense economically
or otherwise to attack the one pollutant and not the other.

CASAC did fully endorse the ranges proposed by staff and the
Administrator has made her selections within those ranges. For
ozone the current standard of 120 parts per billion for an hour is
equivalent to an 8-hour max of 90, based on the third highest. So
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we are essentially only reducing the permissible exposure from 90
to 80. The difference is in changing the average time to 8-hour
from 1-hour, which is in relation to the way people respond to
ozone. They don’t respond immediately. The response builds up
over successive hours.

By contrast, the recent air quality guideline exercise by the
World Health Organization (WHO) in Europe, just completed, pro-
poses an 8-hour level of 60 parts per billion, considerably more con-
servative than the EPA proposal.

For PM, the 50 microgram per cubic meter (mg/m3) annual aver-
age would be retained without change. But the 24-hour PMyo is
being relaxed because it is now being based on multiple
exceedances, and not on a single exceedance. That is OK, because
we don’t really believe the coarse component, which drives the
PMio concentration, is having the effects that the fine particles are.
If we don’t have a standard for fine particles, we don’t attack the
problem that is causing the particulate-related health effects.

The WHO Europe exercise in air quality guidelines for particu-
late matter say that they can’t even establish a traditional guide-
line because there is excess mortality at every level. Therefore,
they say that the national authorities which use these guidelines
have to decide how much they can tolerate. Less is better, that is,
more protective. More means more people are affected. CASAC en-
dorsed a range. The EPA Administrator has selected something to-
ward the upper side of the range on a 24-hour basis.

She certainly is being prudent. She is heightening the standard
somewhat, but not going down to what the lowest-effects level is.
The lowest level that is appropriate is uncertain because we don’t
know the compositional factors. The next time we do this, the
standard should ideally be directed at the specific toxic components
within the particle mixture. But the evidence is absolutely clear
that it is the fine particles which are most closely related to the
mortality and the morbidity, and lowering the limits for fine par-
ticles a bit is a prudent public health judgment.

I won’t go into all the things particles do. Senator Lieberman
mentioned it, Senator Baucus mentioned it. But to save time, I
would like to point out that it is misleading to talk about the num-
ber of communities going out of compliance. Many communities,
which would be just below the current standards, may turn out to
be just above the new standards. However, the particulate trends
are going down. We will have a long timeframe for implementation
of the new standards. By the time the standards are implemented,
there won’t be that many communities who will have to take dras-
tic action. We are talking about an incremental reduction in protec-
tion, which is prudent public policy.

So CASAC endorsed the ranges proposed by EPA staff. The Ad-
ministrator certainly didn’t go to the lower end of the range. What
we must recognize is that there are major unknowns left, and that
we will be in the same box 5 years from now unless the Agency
has more resources to find out what we don’t know now. Dr. Wolff
and I certainly agree entirely—as does everyone else in science on
this issue—that we need more money to find out what the problem
is and how we can do a better job when the standard cycle comes
around again.
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My personal estimate is that we should be spending at least $50
million a year, which is small change when compared to the health
effects benefit, and even to the control costs. Right now, we are a
bit in the dark, but a judgment call is called for by the Adminis-
trator because the Act says that she must look at these standards
periodically. I think she has made a prudent judgment call and
that we need to get on with it. We need to address the unknown
and come back to this again in 5 years.

Senator INHOFE. Thank you, Dr. Lippmann.

. You say that you need more money. We haven’t heard that be-
ore.

[Laughter.]

Senator INHOFE. Dr. Wolff, perhaps you could help me better un-
derstand the type of science that is being used in these studies,
particularly the PM studies which apparently were epidemiological
studies.

Do epidemiological studies basically examine the statistical rela-
tionship between health effects or diseases with different possible
factors versus other studies, such as toxicology and physiology,
which deal with biological mechanisms?

Dr. WoLFF. That is correct. The epidemiological studies are based
on statistical relationships between two observations.

Sengtor INHOFE. So basically statistics versus biological mecha-
nisms?’

Dr. WoLFr. The toxicological studies are looking for biological
mechanisms.

Senator INHOFE. I understand that there is not a biological mech-
anism for PM. Is that true?

Dr. WoLrr. This was a contention of several members that were
on the CASAC. Most notably, Dr. Mark Utell, who is a chest physi-
cian, kept reminding us that there was no plausible biological
mechanism that he could use to explain the statistical relationship.

Senator INHOFE. Those of us—and of course, I guess I speak for
everyone on this panel who are non-scientists, and laymen, so to
speak—it is very difficult to understand the risk factors shown in
these studies. I read an article that was given to me by staff in this
Science Magazine called “Epidemiology Faces Its Limits”.

Without objection, I would like to enter this article in the record.

[The referenced article follows:]

[From Science, July 14, 1995]
EPIDEMIOLOGY FACES ITS LiMITS

(By Gary Taubes)

The news about health risks comes thick and fast these days, and it seems almost
constitutionally contradictory. In January of last year, for instance, & Swedish
study found a significant association between residential radon exposure and lung
cancer. A Canadian study did not. Three months later, it was pesticide residues.
The Journal of the National Cancer Institute published a study in April reporting—
contrary to previous, less powerful studies—that the presence of DDT metabolites
in the bloodstream seemed to have no effect on the risk of breast cancer. In October,
it was abortions and breast cancer. Maybe yes. Maybe no. In January of this year
it was electromagnetic fields (EMF) from power lines. This time a study of electric
utility workers in the United States suggested a possible link between EMF and
brain cancer but—contrary to a study a year ago in Canada and France—no link
between EMF and leukemia.
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These are not isolated examples of the conflicting nature of epidemiologic studies;
they’re just the latest to hit the newspapers. Over the years, such studies have come
up with a mind-numbing array of potential disease-causing agents, from hair dyes
(Ilymphomas, myelomas, and leukemia) to coffee (pancreatic cancer and heart dis-
ease) to oral contraceptives and other hormone treatments (virtually every disorder
known to woman). The pendulum swings back and forth, subjecting the public to
an “epidemic of anxiety,” as Lewis Thomas put it over a decade ago. Indeed, last
July, the New England Journal of Medicine (NEJM) published an editorial by edi-
tors Marcia Angell and Jerome Kassirer asking the pithy question, “What Should
the Public Believe?” Health-conscious Americans, wrote Angell and Kassirer, “in-
creasingly find themselves beset by contradictory advice. No sooner do they learn
the results of one research study than they hear of one with the opposite message.”

Kassirer and Angell place responsibility on the press for its reporting of epidemi-
ology, and even on the public “for its unrealistic expectations” of what modern medi-
cal research can do for their health. But many epidemiologists interviewed by
Science say the problem also lies with the very nature of epidemiologic studies—
in particular those that try to isolate causes of noninfectious disease, known var-
iously as “observational” or “risk-factor” or “environmental” epidemiology.

The predicament of these studies is a simple one: Over the past 50 years, epi-
demiologists have succeeded in identifying the more conspicuous determinants of
noninfectious diseases—smoking, for instance, which can increase the risk of devel-
oping lung cancer by as much as 3000 percent. Now they are left to search for sub-
tler links between diseases and environmental causes or lifestyles. And that leads
to the Catch—22 of modern epidemiology.

On the one hand, these subtle risks—say, the 30 percent increase in the risk of
breast cancer from alcohol consumption that some studies suggest—may affect such
a large segment of the population that they have potentially huge impacts on public
health. On the other, many epidemiologists concede that their studies are so
plagued with biases, uncertainties, and methodological weaknesses that they may
be inherently incapable of accurately discerning such weak associations. As Michael
Thun, the director of analytic epidemiology for the American Cancer Society, puts
it, “With epidemiology you can tell a little thing from a big thing. What’s very hard
to do is to tell a little thing from nothing at all.” Agrees Ken Rothman, editor of
the 1journal Epidemiology: “We’re pushing the edge of what can be done with epide-
miology.

With epidemiology stretched to its limits or beyond, says Dimitrios Trichopoulos,
head of the epidemiology department at the Harvard School of Public Health, stud-
ies will inevitably generate false positive and false negative results “with disturbing
frequency.” Most epidemiologists are aware of the problem, he adds, “and tend to
avoid causal inferences on the basis of isolated studies or even groups of studies in
the absence of compelling biomedical evidence. However, exceptions do occur, and
their frequency appears to be increasing.” As Trichopoulos explains, “Objectively the
problems are not more than they used to be, but the pressure is greater on the pro-
fession, and the number who practice it is greater.”

As a result, journals today are full of studies suggesting that a little risk is not
nothing at all. The findings are often touted in press releases by the journals that
publish them or by the researchers’ institutions, and newspapers and other media
often report the claims uncritically (see box on p. 166). And so the anxiety pendulum
swings at an ever more dizzying rate. “We are fast becoming a nuisance to society,”
says Trichopoulos. “People don’t take us seriously anymore, and when they do take
us seriously, we may unintentionally do more harm than good.” As a solution, epi-
demiologists interviewed by Science could suggest only that the press become more
skeptical of epidemiologic findings, that epidemiologists become more skeptical
about their own findings—or both.

AN OBSERVATIONAL SCIENCE

What drives the epidemiologic quest for risk factors is the strong circumstantial
evidence that what we eat, drink, breathe, and so on are major factors in many dev-
astating illnesses. Rates of heart disease, for example, have changed much faster
over recent decades than can be explained by genetic changes, implicating dietary
and environmental causes. And the fact that no single cancer affects every popu-
lation at the same rate suggests that factors external to the human body cause 70
percent to 90 percent of all cancers. In other words, says Richard Peto, an Oxford
University epidemiologist, “there are ways in which human beings can live whereby
those cancers would not arise.” Only a few of these environmental factors are
known—cigarette smoke for lung cancer, for example, or sunlight for skin cancer—
and epidemiology seems to provide the best shot at identifying the others.
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The most powerful tool for doing so is the randomized trial, which is the standard
for studies of new drugs and other medical research: Assign subjects at random to
test and control groups, alter the exposure of the test group to the suspected risk
factor, and follow both groups to learn the outcome. Often, both the experimenters
and the subjects are “blinded”—unaware who is in the test group and who is a con-
trol. But randomized trials would be prohibitively slow and expensive for most risk
factors, because they can take years or decades to show an effect and hundreds of
thousands of individuals may need to be followed to detect enough cases of the dis-
ease for the results to be significant. And randomly subjecting thousands of healthy
people to pollutants or other possible carcinogens raises obvious ethical problems.

Because the experimental approach is off limits for much of epidemiology, re-
searchers resort to observational approaches. In case-control studies, for example,
they select a group of individuals afflicted with a particular disorder, then identify
a control group free of the disorder and compare the two, looking for differences in
lifestyle, diet, or some environmental factor. Potentially more reliable, but also
much more costly, are cohort studies, in which researchers take a large population—
as many as 100,000—and question the subjects in detail about their habits and en-
vironment. They then follow the entire population for years or decades to see who
gets sick and who doesn’t, what diseases they suffer from, and what factors might
be different between them. Either way, risk-factor epidemiology is “a much duller
scalpel” than randomized trials, says Scott Zeger, a biostatistician at the Johns Hop-
kins School of Mental and Public Health.

What blunts its edge are systematic errors, known in the lingo as biases and con-
founding factors. “Bias and confounders are the plague upon the house of epidemiol-
ogy,” says Philip Cole, chair of epidemiology at the University of Alabama. They rep-
resent anything that might lead an epidemiologic study to come up with the wrong
answer, to postulate the existence of a causal association that does not exist or vice
versa.

Confounding factors are the hidden variables in the populations being studied,
which can easily generate an association that may be real but is not what the epi-
demiologist thinks it is. A ubiquitous example is cigarette smoking, which can con-
found any study looking, for instance, at the effects of alcohol on cancer. “It just so
happens,” explains Trichopoulos, “that people who drink also tend to smoke,” boost-
ing their risk of cancer. As a result, epidemiologists face the possibility that any ap-
parent cancer-alcohol link may be spurious. Smoking may also have confounded a
study Trichopoulos himself co-authored linking coffee-drinking and pancreatic can-
cer—a finding that has not been replicated. The study, published over a decade ago,
corrected for smoking, which often accompanies heavy coffee drinking—but only for
smoking during the 5 years before the cancer was diagnosed. Trichopoulos now says
that he and his colleagues might have done better to ask about smoking habits a
full 20 years before diagnosis.

Biases are problems within study designs themselves. The process of choosing an
appropriate population of controls in a case-control study, for instance, can easily
lead to an apparent difference between cases and controls that has nothing to do
with what caused the disease. “It’s often not even theoretically clear who the right
comparison group is,” says Harvard epidemiologist Walter Willett. “And sometimes,
even if you can design the study so that you have the theoretically correct compari-
son group, you usually don’t get everybody willing to participate, and the people who
do participate in your study will be different from the people who don’t, often in
health-related ways.”

For example, Charles Poole of Boston University has spent several years analyz-
ing the results and methodology of a 1988 study of EMF and cancer, which found
that exposure to relatively high EMF from power lines appeared to increase the risk
of leukemia and brain cancer in children. David Savitz of the University of North
Carolina, the study’s author, selected controls for that study with a common tech-
nique known as random digit dialing: Researchers take the phone numbers of their
cases and randomly change the last four digits until they find a suitable control.
Random digit dialing, however, seems to create “a pronounced bias toward the con-
trol group being deficient in persons of very low socioeconomic status,” says Poole.
Poor people, it seems, are either less likely to be home during the day to answer
the phone, less likely to want to take part in a study, or less likely to have an an-
swering machine and call the researchers back.

Indeed, the North Carolina researchers reported that their data showed that the
risk of leukemia and brain cancer rises not just with exposure to EMF but also with
higher levels of breast-feeding, maternal smoking, and traffic density, all of which
are markers for poverty. This suggests, says Poole, that the study group was poorer
than the controls, and that some poverty-associated factor other than EMF could
have resulted in the apparent increase in cancer risk. Nonetheless, the study is still
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cited as supporting the hypothesis that EMF causes childhood cancer, although even
Savitz concedes that the random dig-it dialing problem is “a legitimate source of un-
certainty.”

Even when such biases can be identified, their magnitude—and sometimes even
their direction—can be nearly impossible to assess. David Thomas, for example, an
epidemiologist at the Fred Hutchinson Cancer Research Center in Seattle, points to
studies analyzing the effect of Breast Self-Examination (BSE) on breast cancer mor-
tality rates, which, he says, have yielded some “modest suggestion that there might
be a beneficial effect” from BSE. “You have to ask what motivates a woman to prac-
tice BSE,” says Thomas. “Maybe she has a strong family history of breast cancer.
If so, she’s more likely to get breast cancer. That would be an obvious bias,” which
could make BSE look less useful than it is. “Or maybe a woman with a strong fam-
ily history of breast cancer would be afraid to practice BSE. You have no way of
predicting the direction of the bias. So it would be very difficult to interpret your
results. You have to go to a randomized study to get a reliable answer.”

TRICKS OF MEMORY

Of all the biases that plague the epidemiologic study of risk factors, the most per-
nicious is the difficulty of assessing exposure to a particular risk factor. Rothman,
for instance, calls it “a towering obstacle.” When exposure can be measured reliably,
a subtle association may be credible—as it is in the case of early childbirth and a
lower risk of breast cancer. The reason is that both cause and effect can be meas-
ured with some certainty, says Harvard epidemiologist Jamie Robins. “It’s easy to
know which people got breast cancer, and it’s easy to know at what age they had
kids,” he says, adding that virtually every study on the subject comes to the same
conclusion: Early childbirth reduces the risk by about 30 percent.

But epidemiologists are quick to list risk factors for which accurate exposure
measurements are virtually impossible. Joe Fraumeni, director of the epidemiology
and biostatistics program at the National Cancer Institute (NCI), points to radon:
“When you’re studying smoking,” he says, “that’s easy. Just count the number of
cigarettes and duration and packs per day. But something like radon, how do you
measure exposure, particularly biologically relevant exposure that has taken place
in the past?” Equally uncertain are those risk factors recorded only in human mem-
ory, such as consumption of coffee or dietary fat. Ross Prentice of the University
of Washington notes, for example, that underweight individuals tend to overreport
fat intake on questionnaires or in interviews and obese subjects tend to underreport
it.

Such recall bias is known to be especially strong, as Willett points out, among pa-
tients diagnosed with the disease in question or among their next of kin. In studies
of a possible relationship between fat intake and breast cancer, for instance, says
Willett, “people may recall their past intake of fat differently if they have just been
diagnosed with breast cancer than if you pluck them out of a random sample, call
them up out of the blue over the phone, and ask them what their past diet was.”

Recall bias, for instance, apparently accounts for the conflicting findings about
oral contraceptive use and breast cancer. Many studies have looked for this associa-
tion over the years, both case-control studies and cohort studies. Trichopoulos notes
that case-control studies have tended to show an association between oral contracep-
tives and breast cancer, while cohort studies have not. Epidemiologists who have
done cohort studies say the problem is in case-control studies, which are thrown off
by recall bias—women who are diagnosed with breast cancer are more likely to give
complete information about contraceptive use than women who don’t. Those who did
case-control studies say the bias is in the cohort studies. Cohort studies have to rely
on impersonal questionnaires because they are so much larger than case-control
studies, and women are less likely to give complete and honest information than
they are in the more intimate interviews possible in case-control studies. “The
point,” says Trichopoulos, “is which do we believe.”

It’s not just the subjects of studies who are prone to bias; epidemiologic studies
can be plagued by interviewer bias as well. The interviewers are rarely blinded to
cases and controls, after all, and questionnaires, the traditional measuring instru-
ment of epidemiology, are neither peer-reviewed nor published with the eventual pa-
pers. “In the laboratory,” as Yale University clinical epidemiologist Alvin Feinstein
puts it, “you have all kinds of procedures for calibrating equipment and standardiz-
ing measurement procedures. In epidemiology ... it’s all immensely prey to both the
vicissitudes of human memory and the biases of the interview.”
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SALVATION FROM STATISTICS?

With confounders, biases, and measurement errors virtually inevitable, many epi-
demiologists interviewed by Science say that risk-factor epidemiology is increasingly
straying beyond the limits of the possible no matter how carefully the studies are
done. “I have trouble imagining a system involving a human habit over a prolonged
period of time that could give you reliable estimates of risk increases that are of
the order of tens of percent,” says Harvard epidemiologist Alex Walker. Even the
sophisticated statistical techniques that have entered epidemiologic research over
the past 20 years—tools for teasing out subtle effects, calculating the theoretical ef-
fect of biases, correcting for possible confounders, and so on—can’t compensate for
the limitations of the data, says biostatistician Norman Breslow of the University
of Washington, Seattle.

“In the past 30 years,” he says, “the methodology has changed a lot. Today people
are doing much more in the way of mathematical modeling of the results of their
study, fitting of regression equations, regression analysis. But the question remains:
What is the fundamental quality of the data, and to what extent are there biases
in the data that cannot be controlled by statistical analysis? One of the dangers of
having all these fancy mathematical techniques is people will think they have been
able to control for things that are inherently not controllable.”

Breslow adds that epidemiologist will commonly report that they have unveiled
a possible causal association between a risk factor and a disease because the asso-
ciation is “statistically significant,” meaning that the error bars—the limits of a 95
percent confidence interval—do not include the null result, which is the absence of
an effect. But, as Breslow explains, such statistical “confidence” means considerably
less than it seems to. The calculation of confidence limits only takes into consider-
ation random variation in the data. It ignores the systematic errors, the biases and
confounders, that will almost invariably overwhelm the statistical variation.

University of California, Los Angeles (UCLA) epidemiologist Sander Greenland
says most of his colleagues fail to understand this simple point. “What people want
to do when they see a 95 percent confidence interval,” he says, “is say ‘I bet there’s
a 95 percent chance the true value is in there.’ Even if they deny it, you see them
behaving and discussing their study result as though that’s exactly what it means.
There are certain conditions under which it’s not far from the truth, but those condi-
tions are generally not satisfied in an epidemiologic study.”

WHAT TO BELIEVE?

So what does it take to make a study worth taking seriously? Over the years, epi-
demiologists have offered up a variety of criteria, the most important of which are
a very strong association between disease and risk factor and a highly plausible bio-
logical mechanism. The epidemiologists interviewed by Science say they prefer to
see both before believing the latest study, or even the latest group of studies. Many
respected epidemiologist. have published erroneous results in the past and say it is
so easy to be fooled that it is almost impossible to believe less-than-stunning results.

Sir Richard Doll of Oxford University, who once co-authored a study erroneously
suggesting that women who took the anti-hypertension medication reserpine had up
to a fourfold increase in their risk of breast cancer, suggests that no single epi-
demiologic study is persuasive by itself unless the lower limit of its 95 percent con-
fidence level falls above a threefold increased risk. Other researchers, such as Har-
vard’s Trichopoulos, opt for a fourfold risk increase as the lower limit. Trichopoulos’s
ill-fated paper on coffee consumption and pancreatic cancer had reported a 2.5fold
increased risk.

“As a general rule of thumb,” says Angell of the New England Journal, “we are
looking for a relative risk of three or more before accepting a paper for publication!,
particularly if it is biologically implausible or if it’s a brand-new finding.” Robert
Temple, director of drug evaluation at the Food and Drug Administration, puts it
bluntly: “My basic rule is if the relative risk isn’t at least three or four, forget it.”
But as John Bailar, an epidemiologist at McGill University and former statistical
consultant for the NEJM, points out, there is no reliable way of identifying the di-
viding line. “If you see a 10fold relative risk and it’s replicated and it’s a good study
with biological backup, like we have with cigarettes and lung cancer, you can draw
a strong inference,” he says. “If it’s a 1.5 relative risk, and it’s only one study and
even a very good one, you scratch your chin and say maybe.”

Some epidemiologists say that an association with an increased risk of tens of per-
cent might be believed if it shows up consistently in many different studies. That’s
the rationale for meta-analysis—a technique for combining many ambiguous studies
to see whether they tend in the same direction (Science, 3 August 1990, p. 476). But
when Science asked epidemiologists to identify weak associations that are now con-
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sidtired convincing because they show up repeatedly, opinions were divided—consist-
ently.

Take the question of alcohol and breast cancer. More than 50 studies have been
done, and more than 30 have reported that women who drink alcohol have a 50 per-
cent increased risk of breast cancer. Willett, whose Nurse’s Health Study was
among those that showed a positive association, calls it “highly probable” that alco-
hol increases the risk of breast cancer. Among other compelling factors, he says, the
finding has been “reproduced in many countries with many investigators controlling
for lots of confounding variables, and the association keeps coming up.” But Green-
land isn’t so sure. “I'd bet right now there isn’t a consensus. I do know just from
talking to people that some hold it’s a risk factor and others deny it.” Another Bos-
ton-based epidemiologist, who prefers to remain anonymous, says nobody is con-
vinced of the breast cancer-alcohol connection “except Walt Willett.”

Another example is long-term oral contraceptive use and breast cancer, a link that
has been studied for a quarter of a century. Thomas of the Fred Hutchinson Cancer
Research Center says he did a meta-analysis in 1991 and found a dozen studies
showing a believable association in younger women who were long-time users of oral
contraceptives. “The bottom line,” he says, “is it’s taken us over 20 years of studies
before some consistency starts to emerge. Now it’s fairly clear there’s a modest risk.”
But Noel Weiss of the University of Washington says he did a similar review of the
data that left him unconvinced. “We don’t know yet,” he says. “There is a small in-
creased risk associated with oral contraceptive use , but what that represents is un-
clear.” Mary Charleson, a Cornell Medical Center epidemiologist, calls the associa-
tion “questionable.” Marcia Angell calls it “still controversial.”

Consistency has a catch, after all, explains David Sackett of Oxford University:
It is persuasive only if the studies use different architectures, methodologies, and
subject groups and still come up with the same results. If the studies have the same
design and “if there’s an inherent bias,” he explains, “it wouldn’t make any dif-
ference how many times it’s replicated. Bias times 12 is still bias.” What’s more, the
epidemiologists interviewed by Science point out that an apparently consistent body
of published reports showing a positive association between a risk factor and a dis-
ease may leave out other, negative findings that never saw the light of day.

“Authors and investigators are worried that there’s a bias against negative stud-
ies,” and that they will not be able to get them published in the better journals,
if at all, says Angell of the NEJM. “And so they’ll try very hard to convert what
is essentially a negative study into a positive study by hanging on to very, very
small risks or seizing on one positive aspect of a study that is by and large nega-
tive.” Or, as one National Institute of Environmental Health Sciences researcher
puts it, asking for anonymity, “Investigators who find an effect get support, and in-
vestigators who don’t find an effect don’t get support. When times are tough it be-
comes extremely difficult for investigators to be objective.”

When asked why they so willingly publish inconclusive research, epidemiologists
say they have an obligation to make the data public and justify the years of work.
They also argue that if the link is real, the public health effect may be so dramatic
that it would be irresponsible not to publish it. The University of North Carolina’s
Savitz, for instance, who recently claimed a possible link between EMF exposure
and a tens of percent increase in the risk of breast cancer, says: “This is
minute. . . . But you could make an argument that even if this evidence is 1000fold
less than for an EMF-leukemia link, it 1s still more important, because the disease
is 1000fold more prevalent.”

One of the more pervasive arguments for publishing weak effects, Rothman adds,
is that any real effect may be stronger than the reported one. Any mismeasurement
of exposure, so the argument goes, will only serve to reduce the observed size of the
association. Once researchers learn how to measure exposure correctly, in other
words, the actual association will turn out to be bigger—and thus more critical to
public health. That was the case in studies of steelworkers and lung cancer decades
ago, says Robins. Early studies saw only a weak association, but once researchers
homed in on coke-oven workers, the group most exposed to the carcinogens, the rel-
ative risk shot up. None of the epidemiologists who spoke to Science could recall any
more recent parallels, however.

AN UNHOLY ALLIANCE

There would be few drawbacks to publishing weak, uncertain associations if epi-
demiologists operated in a vacuum, wrote Brian Mac-Mahon, professor emeritus of
epidemiology at Harvard, in an April 1994 editorial in the Journal of the National
Cancer Institute. But they do not, he said. “And, however cautiously the investigator
may report his conclusions and stress the need for further evaluation,” he added,
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“much of the press will pay little heed to such cautions. . . . By the time the infor-
mation reaches the public mind, via print or screen, the tentative suggestion is like-
ly to be interpreted as a fact.”

This is what one epidemiologist calls the “unholy alliance” between epidemiology,
the journals, and the lay press. The first one or two papers about a suspected asso-
ciation “spring into the general public consciousness in way that does not happen
in any other field of scientific endeavor,” says Harvard’s Walker. And once a pos-
sible link is in the public eye, it can be virtually impossible to discredit. As far as
scientists were concerned, for instance, a 1981 epidemiologic study put to rest a sug-
gestion that saccharine can cause bladder cancer—one of the few cases in which epi-
demiology had managed to put an end to a suspected association. Yet 14 years later,
television advertisements for Nutra-Sweet, which contains the artificial sweetener
aspartame, still tout it as the sweetener that does not have saccharine.

Epidemiologists themselves are at a loss as to how to curb the “anxiety of the
week” syndrome. Many, like rothman, simply argue that risk factor epidemiology is
a young science that will take time to mature. Others, like Robins, suggest that bar-
ring a major breakthrough in the methodological tools of epidemiology, maturity will
be hard to come by. The pressures to publish inconclusive results and the eagerness
of the press to publicize them, he and others say, mean that the anxiety pendulum,
like Foucault’s, will continue to swing indefinitely (see box on p. 165).

The FDA’s Temple does make one positive suggestion: Although risk-factor epide-
miology will never be as sharp a tool as randomized clinical trials, epidemiologists
could still benefit by adopting some of the scientific practices of those studies. “The
great thing about a clinical control trial,” he says, “is that, within limits, you don’t
have to believe anybody or trust anybody. The planning for a clinical control trial
is prospective; they've written the protocol before they’ve done the study, and any
deviation that you introduce later is completely visible.” While agencies like the NCI
do insist on seeing study protocols in risk-factor epidemiology prospectively, this is
still not standard procedure throughout the field. Without it, says Temple, “you al-
ways wonder how many ways they cut the data. It’s very hard to be reassured, be-
cause there are no rules for doing 1t.”

In the meantime, UCLA’s Greenland has one piece of advice to offer what he calls
his “most sensible, level-headed, estimable colleagues.” Remember, he says, “there
is nothing sinful about going out and getting evidence, like asking people how much
do you drink and checking breast cancer records. There’s nothing sinful about seeing
if that evidence correlates. There’s nothing sinful about checking for confounding
variables. The sin comes in believing a causal hypothesis is true because your study
came up with a positive result, or believing the opposite because your study was
negative.”

k * * k *

S1zING Up THE CANCER RISKS

In the history of epidemiology, only a dozen or so environmental agents have ever
been repeatedly and strongly linked to human cancer, says University of Alabama
epidemiologist Philip Cole. Among them are cigarette smoke, alcohol, ionizing radi-
ation, a few drugs, a handful of occupational carcinogens, such as asbestos, and per-
haps three viruses—hepatitis-B virus, human T cell leukemia virus, and human
papillomavirus. But every year, epidemiologic papers are published by the journal-
load, many of them reporting new potential causes of cancer in the environment.

Most are the product of observational epidemiology, in which researchers try to
compare the lives of people suffering from a disease with those of healthy controls.
Even its practitioners admit this effort is plagued by biases and confounding factors
(see main text). As a result, most epidemiologists interviewed by Science said they
would not take seriously a single study reporting a new potential cause of cancer
unless it reported that exposure to the agent in question increased a person’s risk
by at least a factor of 3—which is to say it carries a risk ratio of 3. Even then, they
say, skepticism is in order unless the study was very large and extremely well done
and biological data support the hypothesized link. Sander Greenland, a University
of California, Los Angeles, epidemiologist, says a study reporting a twofold increased
risk might then be worth taking seriously—“but not that seriously.”

Few of the entries in the following list of potential cancer risks, reported in the
journals and picked up in the popular press over the past 8 years, have come close
todfulﬁlling those criteria. Are these dangers real? As the saying goes, you be the
judge.

High-cholesterol diet—risk ratio (rr) 1.65 for rectal cancer in men (January 1987)
Eating yogurt at least once a month—rr 2 for ovarian cancer (July 1989)
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Smoking more than 100 cigarettes in a lifetime—rr 1.2 for breast cancer (Feb-
ruary 1990)

High-fat diet—rr 2 for breast cancer (August 1990)

Lengthy occupational exposure to dioxin—rr 1.5 for all cancers (January 1991)

Douching once a week—rr 4 for cervical cancer (March 1991)

Regular use of high-alcohol mouthwash—rr 1.5 for mouth cancer (June 1991)

Use of phenoxy herbicides on lawns—rr 1.3 for malignant lymphoma in dogs (Sep-
tember 1991)

Weighing 3.6 kilograms or more at birth—rr 1.3 for breast cancer (October 1992)

Vasectomy—rr 1.6 for prostate cancer (February 1993)

Pesticide exposure, indicated by high residues in blood—rr 4 for breast cancer
(ﬁpril 1993); contradicted I year later in a larger study with one of the same au-
thors.

Drinking more than 3.3 liters of fluid (particularly chlorinated tap water) a day—
rr 2—4 for bladder cancer (July 1993)

Experiencing psychological stress in the workplace—rr 5.5 for colorectal cancer
(September 1993)

Di(§t high in saturated fat—rr 6 for lung cancer in nonsmoking women (December
1993

Eating more than 20 grams of processed meats (i.e., bologna) a day—rr 1.72 for
colon cancer (February 1994)

Eating red meat five or more times a week—rr 2.5 for colon cancer (February
1994)

Oc;:upational exposure to electromagnetic fields—rr 1.38 for breast cancer (June
1994

Smoking two packs of cigarettes a day—rr 1.74 for fatal breast cancer (July 1994)

Eating red meat twice a day—rr 2 for breast cancer (July 1994)

Regular cigarette smoking—rr 1.7 for pancreatic cancer (October 1994)

Ever having used a sun lamp—rr 1.3 for melanoma (November 1994)

Abortion—rr 1.5 for breast cancer (November 1994)

Having shorter or longer than average menstrual cycles—rr 2 for breast cancer
(December 1994)

Obesity in men (the heaviest 25 percent of those in the study)—rr 3 for esopha-
geal cancer (January 1995)

Consuming olive oil only once a day or less—rr 1.25 for breast cancer (January
1995)

Dr. LiPPMANN. Mr. Chairman, there were two chest physicians
on the panel. Dr. Wolff has recommended the views of one. The
other one did not think that a better mechanistic understanding
was essential. There are other M.D. epidemiologists on the panel,
and I wrote a letter with some of them pointing out that while we
certainly need to know a lot more about mechanism—and I am not
able to tell you now what all of the mechanisms are—these M.D.
epidemiologists did see a causal connection between particles in the
air and the effect. We are gaining more information as we speak.
The evidence is now accumulating to show more of a mechanistic
basis for this.

I refer you to the staff paper where the letter that I signed with
these other epidemiologist members is included as Appendix K. It
lays out all the details and why we see a causal association.

[The referenced letter follows:]
March 19, 1996.
Hon. CAROL M. BROWNER, ADMINISTRATOR,

U.S. Environmental Protection Agency,
Washington, DC.

RE: SUPPLEMENT TO THE CLOSURE LETTER FROM THE CLEAN AIR SCIENTIFIC ADVI-
SORY COMMITTEE

DEAR Ms. BROWNER: The co-signers of this letter are members of the Particulate
Matter Criteria Document Review Panel and consultants to the Clean Air Scientific
Advisory Committee (CASAC) of the Science Advisory Board, U.S. EPA. This letter
is not being sent as a minority report to the CASAC closure letter, but as a supple-
ment to address some of the concerns raised in the CASAC letter. We were selected
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for the CASAC review of the Particulate Matter Criteria Document because of our
combined expertise in the interpretation of epidemiological studies, our understand-
ing of the literature on the human health effects of particulate air pollution, and
our familiarity with the use of air monitoring data in analyzing human health ef-
fects. As individuals, we have been extensively involved in conducting studies of
population exposure to air pollution and evaluating the human health effects of this
exposure.

As noted in the closure letter to you on the draft Air Quality Criteria for Particu-
late Matter from the chair of CASAC, the Panel members praised the EPA criteria
document for its excellent integrative synthesis of the literature. Overall, most panel
members concluded that the document made a persuasive case that population expo-
sure to particulate matter (PM) is casually associated with excess mortality and
morbidity in the U.S. even at concentrations at and below the existing primary air
quality standard. While the cosigners of this letter are in agreement with this judg-
ment, we are aware that some of our Panel colleagues have reservations about this
important conclusion. Our purpose in the supplementary letter is to make explicit
our reasons for reaching our conclusion, in order to assist the staff of the National
Center for Environmental Assessment in addressing the reservations of our col-
leagues. We also intend our comments to aid the staff of the Office or Air Quality
Planning and Standards in preparing the staff paper in support of a revised particu-
late air quality standard.

The closure letter from the chair of CASAC notes that the concerns of Panel mem-
bers who are not in full agreement with the above conclusion fall into three cat-
egories:

1. Uncertainties in the human health risks of particulate air pollution, arising
from errors in air monitoring from estimating human exposure from central mon-
itoring data, and from relating these data to excess mortality and morbidity.

2. Concern that the case for PM,s being the best available surrogate for the
principal causative agent in particulate air pollution may be overstated, and that
EPA has not adequately justified its rejection of other alternative explanations.

3. Recently published studies that appear to contradict, or at least to present
a different perspective on, the conclusions reached by EPA in its integrative syn-
thesis of the literature.

Regarding the first of these concerns, the writers of this letter wish to make it
clear that we are not arguing that PM,s is the causal agent of the observed excess
mortality and morbidity associated with particulate air pollution. In our judgment,
the studies reviewed in the criteria document, specifically those considered in Chap-
ter 12 (Epidemiological Studies), are persuasive in demonstrating a causal relation-
ship between particulate air pollution, as measured by different methods in the var-
ious studies, and excess mortality and morbidity. However, the evidence does not
allow us to conclude that a specific physical or chemical component of the particu-
late mass is clearly the responsible causal agent. Our conclusion is analogous to
making the assertion that cigarette smoke is a cause of lung cancer and nonmalig-
nant respiratory disease, even though the specific causal agent in cigarette smoke
has not been identified among the many chemicals known to be present in cigarette
smoke.

The reasons for concluding that particulate air pollution is causally related to ex-
cess mortality and morbidity have been well stated in the integrative synthesis
(Chapter 13) of the criteria document. For heuristic purposes, we will summarize
these reasons here, and cite locations in Chapter 13 where supporting sentences and
paragraphs are presented:

¢ A large number (2) of epidemiological time-series studies have consistently
found a statistically significant association between daily variation in particulates
and total mortality in cities in the U.S., Canada, Latin America, the U.K. and con-
tinental Europe.

These findings argue against the associations being attributable to statistical
sampling variation, i.e. the role of chance (Section 13.4.1.1).

¢ The results of these time-series studies cannot be attributed to the vagaries of
statistical modeling (Section 13.43.2), nor to confounding by season or weather (Sec-
tion 13.4.3.3).

¢ The results of the time-series studies cannot be attributed to other criteria air
pollutants. The mortality effect of particulates is found whether or not other pollut-
ants are present at elevated concentrations, though it is difficult to separate the ef-
fects of particulates from other pollutants when the latter covary with particulates.
The most persuasive evidence that the causal agent is some component of the air-
borne particulate mass is in studies of cities or seasons where other pollutants are
present at very low concentrations. Across the range of the 20 studies mentioned
above, particulate air pollution is the only pollutant that is consistently associated
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with excess daily mortality, and the estimate of its effect is relatively stable when
adjusted for the presence of co-pollutants. There are exceptions to this stability, par-
ticularly in those cities where particulate and gaseous air pollutants are highly
intercorrelated. But no monitored air pollutant, other than particulate matter, can
account for the consistently observed excess mortality in these studies (Section
13.4.3.4). Excess morbidity from cardiopulmonary diseases has also been observed
in a considerable number of studies (Section 13.4.1.2), and the morbidity relation-
ship with ambient particulate concentrations is stronger overall and more consistent
than for any other air pollutant.

¢ There 1s considerable coherence between the observed mortality and morbidity
effects of particulate air pollution. Not only is excess mortality from cardiovascular
and respiratory diseases observed, but on days of higher particulates excess hos-
pitalizations for cardiovascular and respiratory disease are reported. These mortal-
ity and morbidity excesses are strongest in populations that would be expected to
be more susceptible to the effects of air pollution, particularly the elderly. The rela-
tion of particulates with mortality is strongest also for cardiopulmonary diseases
rather than for other disease categories. On days of high particulates, there is an
increased proportion of deaths from chronic obstructive pulmonary disease, pneu-
monia, heart disease and deaths among the elderly than on days of low particulates.
These findings are supportive of a causal role for particulate air pollution, since they
are health endpoints one would most anticipate from exposure by the inhalation
route (Section 13.4.3.5 and Section 13.5.1).

Given the striking consistency of the above studies, their robustness to variations
in statistical modeling, the coherence among different but closely related health
endpoints, and the empirical elimination of any alternative explanation for the find-
ings, we conclude that a causal interpretation for particulate air pollution exposure
is reasonable and defensible. This conclusion is further supported by longitudinal
cohort studies of populations in which a geographical gradient in particulate air pol-
lution was associated with a corresponding gradient in total mortality, in
cardiopulmonary mortality and in lung cancer. These studies carefully controlled for
other individual risk factors for these health endpoints (Section 13.4.1.1).

With specific reference to the first category of concern expressed by the our Panel
colleagues, although population exposure to air pollution cannot be perfectly esti-
mated based on central monitoring, these inherent errors in exposure estimation are
more likely to cause an underestimation of the adverse health effects associated
with pollution exposure, particularly in longitudinal cohort studies where individual
risk factors and exposures are directly related to health effects. Thus the consistent
positive findings cannot be attributed to exposure measurement error. Furthermore,
there is growing evidence that fine particles are more uniformly distributed over
large geographic areas than are coarse particles (Section 13.2.4), that measurements
at one site give a reasonable estimate of the fine particulate concentrations across
a city (Section 13.2.6), and that fine particles penetrate and have longer lifetimes
indoors than coarse particles (Section 13.2.6). This evidence supports using ambient
measures of fine particulates at a central site as an acceptable estimate of the aver-
age exposure of people in the community (Section 13.2.6). For these reasons, we
judge that uncertainties arising from air monitoring and human exposure esti-
mation do not negate the consistent excess mortality and morbidity associations dis-
cussed above.

With regard to the second concern of our Panel colleagues, we believe that the
case has been made that fine particulates, as measured by PMzs, are the best surro-
gate currently available for the component of particulate air pollution that is associ-
ated with excess mortality and morbidity. We emphasize once again that we are not
claiming that PM;s is the causal agent, but rather that PM,s is a better measure,
than any alternative metric, of the complex in the particulate mass that is causing
excess mortality and morbidity. Distinguishing between PMio and PM;5 is difficult,
given the high correlation between these two pollutants in both time and space. In
many studies, either metric will provide nearly the same estimate of the exposure-
response relationship. However, a number of recent re-analyses of mortality and
morbidity have been performed to address the issue of whether fine or coarse partic-
ulates (the latter indexed by subtracting PMss from PMio) more consistently pre-
dicts a relationship with adverse health effects. These studies, as reviewed in Sec-
tion 13.4.1.1 and Tables 13-3, 13-4 and 13-5 of the Criteria Document, conclude
that excess mortality, hospital admissions for respiratory diseases and decreased
lung function are more strongly and consistently associated with fine rather than
with coarse mode particulates. these findings are also supported by earlier studies
in the U.K. in which British Smoke measurements, which primarily reflect the con-
tribution of the fine particle mode, were consistently associated with excess mortal-
ity. Finally, several characteristics of fine mode particles, as opposed to the coarse
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mode, are more consistent with the observed excess mortality and morbidity ob-
served in epidemiological studies. As noted earlier, these characteristics are: (1) fine
particulates are more uniform in distribution than the coarse mode across urban
areas, (2) fine particulates penetrate into indoor environments more completely than
coarse particles, and (3) fine particulates have a more prolonged residence time in
indoor air than coarse particles. These points are discussed in Section 13.7, Sum-
mary and Conclusions. Given that a causal association of excess mortality and mor-
bidity with particulate air pollution has been established, we concur with staff’s
judgments that fine particulates are the best available surrogate for the population
exposures associated with these health effects.

With regard to the third concern of our Panel colleagues, some studies have re-
cently been published that are interpreted as contradicting the conclusion that par-
ticulate air pollution is causally associated with excess mortality and morbidity We
agree that, in its revision of the criteria document, EPA needs to address these ap-
parent discrepancies more explicitly, and we offer the following comments to assist
staff in that task.

First, the Health Effects Institute (HEI) reanalysis does not contradict any of the
above conclusions. The HEI analysis conclusively demonstrated that the positive
findings from the original studies selected for reanalysis were replicable, were not
an artifact of statistical modeling, and were not confounded by idiosyncrasies in the
method to control for season or weather. The HEI investigators then proceeded to
apply their statistical modeling procedure to data from Philadelphia. They reported
moderately high intercorrelations between particulates, as measured by total sus-
pended particulate (TSP) measurements, and several of the pollutant gases, and, as
expected, found that under these conditions, they could not attribute the observed
exposure-response mortality relationships to TSP alone. They further observed that
the TSP and SO, effects were not independent of one another, and that the TSP
effect was stronger in some seasons of the year and at some concentrations of SO,
while the SO, effect was stronger in other seasons and at some concentrations of
TSP. The HEI investigators appropriately concluded that, because of the high inter-
correlations between pollutants in Philadelphia, mortality effects could not be attrib-
uted solely to particulates. More importantly, in their further report on this phase
of their study, they concluded that “insights into the effects of individual criteria
pollutants can be best gained by assessing effects across locations having different
pollutant mixes and not from regression modeling of data from single locations”
(“Air Pollution and Mortality in Philadelphia, 1974-1988”, interim report dated Feb-
ruary 9, 1996). The EPA Criteria Document undertakes this assessment of effects
across locations having different pollutant mixes, and this assessment was discussed
above (in the third bulletted paragraph).

One published reanalysis (Moolgavkar S: Epidemiology 1995; 6:476-484) of the
Philadelphia mortality data set has been interpreted as contradicting the findings
of the original study (Schwartz J & Dockery DW: Am. Rev. Resp Dis 1992; 145:600—
604), which concluded that particulates were positively associated with variations
in daily mortality. However, the HEI reanalysis, reported above, confirmed the find-
ings of the original study, but more importantly, noted that it was not possible in
Philadelphia to attribute the mortality effect exclusively to particulates or individ-
ual gaseous pollutants, due to their high intercorrelations, as previously discussed.
Separation of the effects of these pollutants requires analyses in a variety of loca-
tions with different pollutant mixes.

Presentations and papers by Lipfert and Wyzga (Inhalation Toxicology 1995;
7:671-689) discuss uncertainties in identifying responsible pollutants in epidemio-
logical studies. This article raises the important issue of measurement error, but in
applying its analysis to the Philadelphia data set, it encounters the same problem
of intercorrelated pollutants and the inability to partition health effects exclusively
or primarily to one of the pollutants. Similarly, the analysis of the Philadelphia data
set by Li and Roth (Inhalation Toxicology 1995; 7:45-58) purports to show that a
panoply of seemingly conflicting findings 1s produced with different modeling strate-
gies, but this paper is superseded by the HEI report, which shows conclusively that
the confounding effect of weather was appropriately controlled in the original analy-
sis, and that the original results are not an artifact of the modeling strategy.

Finally, among papers considered as not supporting the main conclusion of the
EPA criteria document, that of Styer et al. (Environ. Health Perspec 1995; 103:490—
497) fitted separate regressions to each month of the year and found significant par-
ticulates effects only in a few of the months. But such partitioning of data in small
time segments is considered to be inappropriate because it results in a significant
loss of statistical power and thus a loss of sensitivity to the moderate relative risk
associated with ambient air pollution and a loss of ability to separate the effects of
one pollutant as opposed to another.
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There are several reasons why the mortality and morbidity effects of particulate
air pollution will not be the same in all cities and at all seasons of the year. There-
fore, there will not be total agreement among all published studies in the magnitude
of the adverse effect per unit of particulate exposure. The reasons for these vari-
ations in estimates of the exposure-response relationship are several (as discussed
in Section 13.4.1.1): (1) the toxicity of particulates likely depends on size distribution
and chemical composition, and these characteristics vary among geographic areas.
(2) local populations differ in demographic and socioeconomic characteristics, and
these differences will be likely to modify the health effects of particulate exposures.
(3) the health status of communities differs among geographic areas, and thus the
susceptibility of populations to the same level of particulate air pollution will vary.
(4) average levels of copollutants will vary across geographic areas, and these may
cause small or moderate variations in the particulate effect. In spite of these consid-
erations, there is a remarkable consistency in the body of epidemiological studies,
showing a positive exposure-response association between particulates and mortality
and morbidity. In our judgment, EPA has appropriately synthesized this evidence
and drawn a responsible public health conclusion, namely, that particulate con-
centrations at current levels are causally associated with excess mortality and mor-
bidity. Furthermore, we agree that fine particulates, as currently indexed by PM;s,
are the most appropriate indicator for the component of the particulate air mass to
which these adverse effects are attributed. We also agree that some adverse health
effects may be related to the coarse particulate mode, and that therefore it is desir-
able to consider fine and coarse mode particulates as separate candidates for air
quality standards. This is the final conclusion of Chapter 13 of the Criteria Docu-
ment, and we hope that our discussion will assist the EPA staff in presenting firmer
support for their conclusion.

Sincerely,
MORTON LIPPMANN,
Professor, Nelson Institute of Environmental Medicine,
New York University.

CARL SHY,
Professor and Chair, Department of Epidemiology,
University of North Carolina at Chapel Hill.

JAN STOLWLJK,
Professor, Department of Epidemiology and Public Health,
Yale University.

FRANK SPEIZER,
Professor, Channing Laboratory,
Harvard Medical School.

Senator INHOFE. Thank you, Dr. Lippmann.

Let quote from this magazine for the benefit of the audience as
well as committee members.

What does it take to make a study worth taking seriously? Over the years epi-
demiologists have offered up a variety of criteria, the most important of which are
a very strong association between disease and risk factor in a highly plausible bio-
logical mechanism. The epidemiologists interviewed by Science say that they prefer
to see both before believing the latest study, or even the latest group of studies.
Many respected epidemiologists have published erroneous results in the past and
say it is so easy to be fooled that it is almost impossible to believe less than stun-
ning results.

In another article, Marsha Engle of the New England Journal
stated, “As a general rule of thumb, we are looking for a relative
risk of three or more.”

And Robert Temple, who is with the FDA, the director of drug
evaluation, has stated, “My basic rule is if the relative risk isn’t at
least three or four, forget it.”

I would now ask Dr. Wolff this question. I understand in the
studies the EPA relied on, the relative risk factor for the particu-
late matter studies was right around 1 or 1.2, since there is no
identifiable biological mechanism—and I don’t believe there is from
what I have studied—and the risk factors are so low, in the words
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of the Science magazine article, are these studies “less than stun-
ning results”?

Dr. WoLFF. Mr. Chairman, there was tremendous diversity of
opinion on the PM panel. I think part of that diversity of opinion
was due to the members who considered the article that you re-
ferred to and essentially none of the studies that had been reported
on the relationships between PM and mortality meet those criteria.

Senator INHOFE. Unfortunately, my time has expired. I had some
questions.

Let me just ask both of you a question.

Do you think that there was adequate time—having to deal with
the process—did the panel have enough time to weigh all the evi-
dence? Or were deliberations rushed on this?

Dr. Lippmann.

Dr. LIPPMANN. Just a brief note.

Dr. Trichopoulos, who was cited in that article in Science—he
said, when you have other information, you don’t need that large
a relative risk. That is in the documentation also, and perhaps that
should follow in the record.

As far as time, there is no question that the court-ordered dead-
line made it much more difficult. Dr. Wolff worked heroically, as
did the EPA staff people, as did many members of the committee.
So we did have the usual number of review sessions.

It would certainly always be desirable to have more time. How-
ever, the process did work, and we are always going to be left at
the end of one of these review processes wishing we had more time
and more information. But if the Clean Air Act calls for the stand-
ard to be fully reviewed—it was done. Lots of people worked very
gard under the tight deadlines to see that it was done, but it got

one.

[The referenced article follows:]

[From Science, Letters to the Editor, September 8, 1995]
THE DISCIPLINE OF EPIDEMIOLOGY

(By Dimitrios Trichopoulos)

In the Special News Report “Epidemiology faces its limits” (14 July, p. 164), Gary
Taubes assembles a series of quotations from ourselves and others about potential
methodologic pitfalls in epidemiologic studies that might leave readers with the
misimpression that evidence based on epidemiologic findings is not usually credible.

A problem does exist with general media reports about single scientific studies.
Such reports often herald new results without describing the scientific context,
which can create unnecessary fear and confusion. However, this is more an abuse
of epidemiologic evidence than a problem with epidemiologic research. Taubes seems
to perpetuate this confusion by listing several media reports of published findings
and telling the reader “you be the judge” (p. 156) when proper judging is impossible
without substantial additional information. In any scientific field, findings of indi-
vidual studies are usually not considered seriously until confirmed by others. Also,
in epidemiology, as in any other scientific field, more powerful studies need to be
conducted to evaluate smaller effects, where sources of bias may be especially prob-
lematic. Often, doing so will require large and long-term prospective studies with
repeated measures of exposure based on both questionnaires and biological meas-
urements; a substantial number of such studies have commenced over the last 15
years.

Taubes did not emphasize that what we do know about the prevention of cancer
and cardiovascular disease has derived largely from epidemiologic findings. This
knowledge includes not just the many adverse effects of cigarette smoking, but also
the relation of overweight to many diseases, the benefits of increased physical activ-
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ity for cardiovascular disease, the effects of many occupational exposures (such as
benzene and asbestos), the relation of exogenous postmenopausal estrogens to can-
cer of the uterus, the relation of sunlight to all forms of skin cancer, the relation
of ionizing radiation to many cancers, the adverse effects of many pharmacologic
agents (for example, DES and thalidomide), and the protective effects of high intake
of fruits and vegetables against many cancers.

Epidemiology has also provided important reassurance that many aspects of daily
life are not major risk factors. For example, the relation between coffee consumption
and coronary heart disease may not be completely settled, but the danger is mini-
mal: The uncertainty is whether as much as five cups per day is a weak risk factor
or not a risk factor at all.l Fear of saccharin carcinogenicity engendered by studies
in rats was quelled by epidemiologic research. Furthermore, epidemiologic studies
have provided clear evidence that the incidence of several other forms of cancer, in-
cluding ovarian cancer, is lessened as a consequence of using birth control pills.

If we wish to continue our progress in understanding the importance of lifestyle
and environmental risk factors, we have little choice but to monitor the occurrence
of illness of persons who have and have not been exposed to such factors. As Bruce
Ames, a molecular biologist at the University of California, has noted,2 advances in
other biological sciences can greatly add to the power of epidemiologic studies, but
cannot replace them. Taubes’s report is insightful and useful for epidemiologists and
nonepidemiologists alike. However, I have two objections, one of them of personal
nature, the other more general.

Taubes writes that I have expressed the view that only a fourfold risk should be
taken seriously. This is correct, but only when the finding stands in a biological vac-
uum or has little or no biomedical credibility. We all take seriously small relative
risks when there is a credible hypothesis in the background. Nobody disputes that
the prevalence of boys at birth is higher than that of girls (an excess of 3 percent),
that men have a 30 percent higher rate of death compared to women of the same
age, or that fatality in a car accident is higher when the car is smaller.

The more general issue is that Taubes has omitted a consideration that is of a
paramount importance in any scientific argument. Epidemiology should be evalu-
ated in comparison to other disciplines that serve the same objective, that is, to
identify the causes of human disease and facilitate their prevention. Among these
disciplines, only epidemiology can document causation without concern about dose-
fegztrapolation or species variability and with built-in accounting for potential modi-
iers.

It could be said for epidemiology, with respect to disease etiology and prevention,
what is frequently said about democracy as a system of government: They both have
many problems and weaknesses, but they still represent the best available approach
for the achievement of their respective objectives.

(By Jerry Rapp)

Taubes’s excellent article about the proliferation of health-related messages to the
public, and in particular the role of the popular press in their promulgation, misses
one factor driving this process. Research institutions are eager to have the results
of health risk factor studies performed in their laboratories appear in prominent
newspapers and news magazines. This is so because individual philanthropists like
almost nothing better than to support institutions whose research efforts have ap-
peared on page one, of, say, the New York Times. With the deceleration in govern-
ment funds available for research and the concomitant increased dependence on pri-
vate, and especially individual, funding sources, there will likely be an acceleration
of these sorts of articles appearing in the popular press. It would generate far less
confusion if they were just left in the scientific literature.

(By Robert W. Miller)

The limits of epidemiology for environmental studies are well covered by Taubes.
Genetic epidemiology is quite a different story. Clustering of cancer in families has
led to the recognition of tumor suppressor genes by Alfred G. Knudson Jr. through
study of retinoblastoma in childhood.? These genes have since been found in other
cancers of children and some of the commonest cancers of adults. Epidemiologic
identification of the diverse familial cancers that cluster in Li-Fraumeni syndrome

18. Greenlang, Epidemiology 4, 366 (1993).
2B.N. Ames, Science 221, 1256 (1983).
3 A.G. Knudson Jr., Proc. Nat’l. Acad. Sci. U.S.A. 68, 820 (1971).
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led to laboratory research that has furthered understanding the role of the p53 gene
in carcinogenesis.* New clues of the origins of neoplasia are also coming from lab-
oratory studies based on cancer clusters in heritable disorders, such as ataxia-
telangiectasia.5 Genetic epidemiology should not suffer guilt by association with the
downside of its environmental counterpart.

(By Alfred J. Saah)

When critics of epidemiology pay homage at the altar of the randomized clinical
trial, such trials are made to sound only moderately troublesome compared to obser-
vational studies, when in fact they are often absolutely impractical or absolutely un-
ethical. Examples include randomizing women to method of birth control and indi-
viduals to diet.

For such research, observational studies are the only recourse if you want to work
with humans. The future and power of epidemiology rest not with simply self-re-
ported data, but with combining such information with molecular data on suscepti-
bility. In this way, risk measurements reflect characteristics of both host and envi-
ronment and make targeting prevention strategies rational. The challenge will be
to use these host factors, such as genetic data, in a socially acceptable and nonpuni-
tive fashion. Then epidemiology will provide truly meaningful and relevant esti-
mates of risk.

(By Gio Batta Gori)

Most of the epidemiology of multifactorial diseases fails a test of method, due to
absent experimental randomization and unachievable control of biases and con-
founders. In general, it also fails the ultimate test of predictivity, as large random-
ized experiments designed to verify major observational inferences have been thor-
oughly disappointing.6 Now, a resounding admission of impotence threatens our sur-
vival and demands remedial measures.

As other professionals have done, epidemiologists could establish a code of good
practice, spelling out optimal standards of hypothesis formulation, study design, and
conduct. Structural uncertainties should limit heuristic causal inferences to relative
risk or odds ratio values above 3 or 4, as Trichopoulos (quoted in the article by
Taubes) and others before him have concluded.” Although still short of assuring ver-
ification, this last provision would link with de mimimis considerations of ongoing
regulatory reform.

Epidemiologist have no choice but to warrant their credibility. We owe it to soci-
ety and to the young entering the profession, who need to know honestly whether
they can make a difference. Too much of epidemiology has become predictable advo-
cacy without secure philosophical foundations. A code of good epidemiologic practice
would be a beginning, perhaps after some soul-searching about the morality of pro-
voking public anxieties and policies based on essentially unverifiable conjectures.

Dr. WoLFF. The objective of the review is to try to reach consen-
sus on the issues. One of the reasons why we couldn’t was because
we were so rushed. Normally, this is a process that takes place
over a number of years. The PM was compressed in a little over
a year. I certainly think that it had an adverse effect on the proc-
ess.

Senator INHOFE. Did CASAC recommend more research?

Dr. WoLrr. CASAC recommended more research.

Senator INHOFE. Senator Chafee.

Senator CHAFEE. Thank you, Mr. Chairman.

4D. Malkin et al., Science 250, 1233 (1990).

5K. Savitsky et al., ibid., 268, 1749 (1995).

6 M. Susser. Epidemiol. Rev. 7, 147 (1985); L. Werko, Acta Med. Scand. 221, 323 (1987);
MRFIT Group. J. Am. Med. Assoc. 263, 1795 (1990).

7"N.E. Breslow and N.E. Day, Statistical Methods in Cancer Research, vol. 1. The Analysis
of Case-Control Studies International Agency for Research on Cancer, Publ. No. 32, Lyon,
France, 1980); K.J. Rothman, in Cancer Epidemiology and Prevention, D. Schottenfeld and J.F.
Fraur;leni, Eds. (Saunders, Philadelphia, PA, 1982), pp. 15-22, E.L. Wynder, Prev. Med. 16, 139
1987).
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Dr. Lippmann, Dr. Wolff made the following statement regarding
ozone: there is no bright line, no threshold, the scientific commu-
nity made great strides, but—what do you say about that? Do you
find a bright line here?

Dr. LipPMANN. No, there is no bright line. There is no threshold.
My own studies with normal children, asthmatic children, healthy
people doing their jogging show that the higher the ozone the
greater the drop in lung function. The only thing you can do is to
say is that if you are dealing with the issue of adversity then great-
er than 10 percent, or greater than 20 percent loss of function is
an adverse effect. But you can’t get away from there being a meas-
urable response at any ozone concentration above background.

The exposure chamber studies show that there is also lung in-
flammation going on while the function is changing. So the Admin-
istrator is obligated to consider all of the measurable responses in
making her judgment.

What can’t be disputed is that there is an exposure-response re-
lationship. If you divide up the cells from the chart—as in the ex-
ample from the staff paper letter to which Dr. Wolff referred—you
can say there is no significant difference between one form of the
standard and another because of the uncertainty around each of
them. But it is indisputable that if you lower the permissible expo-
sure you get less response in terms of function, hospital admissions
for cardiopulmonary diseases, and even mortality.

Senator CHAFEE. I think a subsequent witness is going to have
a chart showing New York City hospital admissions. I am not going
to ask you about that. I will wait.

Dr. LiPPMANN. That is kind of the chart I was referring to. But
you will also hear today from Dr. Thurston, whose research is the
basis for that chart. I think Dr. Thurston will tell you that the
chart doesn’t necessarily represent what the research behind it
says.

Senator CHAFEE. I don’t want to get into the chart yet. It is what
we say in the trade, a very busy chart.

[Laughter.]

Senator CHAFEE. Dr. Wolff, EPA’s proposed standards for PMzs
is a major undertaking. It is my understanding that it is probably
the largest single regulation EPA has ever proposed. I guess my
question to you is: do you think the science is adequate to support
that standard?

Dr. WoOLFF. There was no consensus as to what the level should
be on the committee. The ranges of recommendations ranged from
the lower end of EPA’s recommendations to higher than EPA’s
range.

Senator CHAFEE. Higher than the 2.57

Dr. WoLFF. The upper end of the range for 2.5 was 65
micrograms per cubic meter. Some of the members recommended
a level that was higher than that. So I don’t think you can say that
CASAC’s conclusions support the level that EPA selected. I don’t
think you could say that CASAC’s conclusions support any level.

Senator CHAFEE. Am I correct that you did not support the
PM;5?

Dr. WoLFF. That is not true. I supported a 2.5 standard.
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Senator CHAFEE. We get into this back and forth on more time—
which you both testified to that you think more time would have
been very valuable. Dr. Lippmann has indicated that no matter
how much time you get, you probably want more. But is the science
within reach? Do you have that feeling, Dr. Wolff? How much
longer would it take to get the science that you feel would be nec-
essary if we made those scientific studies a high priority right now
and gave it the money that you think it should have?

Dr. WOLFF. Based on our experience with the review, I think we
can frame the questions that need to be addressed in the near
term. Unfortunately, we don’t have very many measurements of
PM_z s right now. We are going to need those measurements before
we can answer those questions. My own personal feeling is that
we're talking about a 5-year timeframe to find answers to those
questions.

Senator CHAFEE. Let me see if I understand the answer.

Did you say 5 years?

Dr. WoLFF. I think we need 5 years before we have answers to
those questions. It is our hope that we have answers to those ques-
tions before we begin the next review cycle.

Senator CHAFEE. And you nodded in agreement, Dr. Lippmann?

Dr. LipPMANN. Yes, 5 years can answer many of these questions.
I am sure there will be some that have further questions 5 years
down the road. But 5 years is a minimum time to have a consid-
ered, well-designed, well-executed program. Lab work and epide-
miological studies take a long time to do and a long time to ana-
lyze. It takes a long time to go through peer review. I would say
that 5 years is a good timeframe.

Senator CHAFEE. I see my time is up. Thank you, Mr. Chairman.

Senator INHOFE. Thank you, Senator Chafee.

Senator Baucus.

Senator BAucus. Thank you, Mr. Chairman. I will be very brief.

I would like to establish what CASAC did agree on. If I under-
stand it, CASAC agreed with respect to ozone, that there should be
a ch?ange from a 1-hour average to an 8-hour average. Is that cor-
rect?

You are both nodding affirmatively.

Dr. LipPMANN. That is correct.

Dr. WoLFF. It was the consensus of the committee.

Senator BAUCUS. Again with respect to ozone, I understand that
the CASAC panel agrees that the studies EPA has collected provide
an adequate basis for making a decision on the standard. Is that
correct or not?

Dr. LipPMANN. The studies that EPA selected and winnowed
through the CASAC process were the right studies to consider. We
all wish we had more information.

Senator BAucuUs. Does it provide an adequate basis for making
a decision?

Dr. LipPMANN. Yes. The Administrator is required to look at the
evidence at some given point in time. There was much more evi-
dence than we had last time we reviewed ozone when I chaired
CASAC in the 1980’s. We have much more information and a judg-
ment call was possible. It wasn’t all of the evidence we would have
liked to have.
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Dr. WoLFF. We agree it was the appropriate evidence. It was the
flvailable evidence. But we did not conclude that it gave us a bright
ine.

Senator BAucus. I understand.

Let me move to PM, because I understand your earlier testi-
mony, Dr. Wolff—that there is no consensus on the level or time,
yet there is a consensus on a new 2.5 standard.

Dr. WoLFF. That’s correct.

Senator BAucus. I am sure you agree, Dr. Lippmann?

Dr. LipPMANN. Yes, sir.

Senator BAucUs. The panel did agree that a new 2.5 standard
is needed?

Dr. LIPPMANN. Yes, when you control PMio, what industry and
everyone else does is control the mass, which is driven by the larg-
est particles. So the controls directed at PMio have had very little
effect on fine particle concentration. We need a fine particle stand-
ard in order to have controls directed at getting fine particle con-
centrations down.

Senator BAucUS. And with respect to PMig, the panel agrees that
either a daily or an annual standard should be established?

Dr. WoLrF. With PM;0?

Senator BAucus. No, 2.5. I'm sorry.

Dr. WoLFrF. Either a 24-hour or annual standard could be de-
signed to protect long-term or short-term exposure.

Senator BAuUCUS. But is it could be? Or should be?

Dr. WoLFF. Could be is the answer.

Senator BAucus. What is the alternative if not a daily or annual?
Hourly? What are you going to come up with?

Dr. WoLFF. I think there was consensus that it should either be
annual or 24-hour.

Senator BAucus. Is that right, Dr. Lippmann?

Dr. LipPMANN. Either or both. Most of us endorsed both.

Senator BAUcUS. Concerning the additional time needed, are you
saying that 5 years is needed before the EPA should promulgate
proposed PM standards? What does the 5 years refer to?

Dr. LiPPMANN. I think we both agree that something will be done
this round because there is a time clock and the Administrator has
to take an action. We are saying that we are very unhappy that
we don’t have better information. The timeframe for getting that
better information is not a month or a year. We are not going to
get much that will help us in another month or another year. Let
the clock go around to the next cycle and put in place the means
to get that information.

Senator BAucus. But what do we do in the meantime to the pro-
posed standards that EPA has promulgated?

Dr. WoOLFF. A number of CASAC members expressed the view
that we should set a PM,s standard at this time, but at a level
that is approximately equivalent in stringency to the present PMio
standard. This would allow us to begin to collect the data so that
we have the data and can make a mid-course correction 5 years
from now.

Senator BAucus. What would be the average midpoint of the
range of the panel with respect to what we should do with respect
to PM>s?
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Dr. LiPPMANN. As Dr. Wolff said, the panel’s personal preferences
span the entire spectrum of the range that EPA proposed.

Senator BAucUs. Expand the entire spectrum?

Dr. LipPMANN. That’s right. So the Administrator was left with
having to make her own judgment call.

Senator BAucus. My question is, What would CASAC’s rec-
ommendation be?

No, let me ask you personally, what your personal view would be
on that question.

Dr. Lippmann.

Dr. LipPMANN. I think what the Administrator has proposed is
a prudent step in the right direction. My personal preference would
have been for a somewhat more stringent level. But I recognize all
the uncertainties that Dr. Wolff gives greater importance to and
that we can’t turn the atmosphere around right away. If we are
moving in the right direction and have to look at it again in 5
years, that is fine.

Senator BAUCUS. So even though we have less than perfect
knowledge, your view is that although it could be more stringent,
the proposed regulation is very reasonable?

Dr. LipPMANN. That’s correct.

Senator BaAucus. Dr. Wolff.

Dr. WoLFF. My personal feeling would be to set the standard ap-
proximately equivalent to today’s PMio standard and then be able
to look at it 5 years from now to see if that needs to be changed.
The reason I would err on the high end is because right now there
are mechanisms in place that are causing PM to decline. PM will
decline for the foreseeable future, even without new control meas-
ures at this point.

Senator BAUCUS. But do you personally find the proposed regula-
tion reasonable?

Dr. WoOLFF. I can’t endorse the present proposal based on what
I have seen.

Senator BAucus. What would a reasonable person conclude—we
have a big range here—could an objective scientist find that this
is reasonable? Would an objective scientist find this reasonable?

Dr. WoLFF. I think a reasonable position would be to set the
standard

Senator Baucus. Would an objective scientist find this reason-
able?

[Laughter.]

Dr. WoLFF. I would think a reasonable scientist would go a little
bit higher.

Dr. LipPMANN. I think the choice made is certainly reasonable.

Senator BAUCUS. And a reasonable scientist would find it reason-
able?

Dr. LipPMANN. Most of the committee would have found that it
would be reasonable.

Senator BAucus. Thank you.

Senator INHOFE. They are both very reasonable and very objec-
tive.

[Laughter.]

Senator INHOFE. Senator Sessions.
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Senator SESSIONS. Dr. Wolff, I guess you consider yourself a rea-
sonable scientist?

Dr. WoLFF. Yes, I do.

Senator SESSIONS. I was a little confused, and perhaps I missed
something there.

I believe you indicated to Senator Chafee that you favor the 2.5
standard. Then I thought you said that you indicated that you
would prefer leaving it at 10. Can you explain that for us, please?

Dr. WoLFF. Out of the 21 CASAC members, 19 favored the cre-
ation of a new standard for PM,s. I was one of those 19 who made
that recommendation. All 21 members favored retention of the cur-
rent PM1o standard. I was one of those as well.

Senator SESSIONS. Dr. Lippmann, with regard to the new meth-
odology—the 8 hours and all—can you give us your impression
about how much that eases the implementation or the drop?

Dr. LiPPMANN. It doesn’t. It changes in those areas of the country
which did have more of a sharper peak of ozone in the afternoon.
It is a relaxation. For those who tended—like in your part of Ala-
bama—to have a broader daily peak, it tends to be more restrictive.
But 90 ppb on an 8-hour average is about the same as 120 ppb for
one hour.

What relaxes it and makes it less likely to cause a spurious
exceedance, is going from a single exceedance being evidence of
exceedance to the third highest. So the really unusual weather day
won’t cause a community to go out of exceedance. The big advance
is not only in changing the hours over which you average it, but
in looking at multiple exceedances. This has been done for both
PM> s and for ozone.

Senator SESSIONS. With regard to the Birmingham study, have
you seen a counter-study that suggested that had humidity been
factored in that a different result would have occurred on the mor-
tality rates?

Dr. LiPPMANN. If you look at this literature, which is voluminous,
there is all kinds of conflicting information. Most respected people
in this field, having looked at weather, do not find that humidity
or temperature account for these factors. You can, however, find
some studies that come to different conclusions.

Senator SESSIONS. In particular, with regard to the Birmingham
study, there was a study that said that there would be no increase
in mortality had they factored in humidity.

Dr. LIPPMANN. Yes, there is a published study.

Senator SESSIONS. EPA has not been able to have the resources
or otherwise to study that and to make a definitive decision as to
which one of those studies might be correct?

Dr. LipPMANN. Yes, that is true, but EPA could not do it even
if they had resources because it is a matter of flawed data in the
models. It is hard to make a definitive judgment on the basis of one
community and two different interpretations of data sets. This is
a national problem and those issues are best addressed by looking
not only at Birmingham—not ignoring Birmingham—but in a vari-
ety of communities to see where the dust shakes out.

Senator SESSIONS. We are a very high humidity State with the
highest rainfall in the country. It makes a difference. That is a fac-
tor which would concern me.
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Dr. Wolff, do all the members of the committee agree that the
studies that are available to the committee form an adequate basis
for a decision at this time?

Dr. WOLFF. Are you referring to ozone or PM?

Senator SESSIONS. Both.

Dr. WOLFF. The committee agrees that EPA has summarized the
relevant studies. However, the committee, in the case of ozone, be-
lieves the science does not give us guidance as to what to select for
a level. We state that it is strictly a policy decision.

For the PM, there is no agreement among the members as to
what exactly the science says. So again, there is agreement that it
is a policy call.

Senator SESSIONS. Dr. Wolff, recently a doctor in Scientific Amer-
ican dealt with the acid rain question and particulate matter in the
atmosphere. Are you familiar with that article that has come out
in the last few months?

Dr. WoLFF. No, I am not.

Senator SESSIONS. The article dealt with the impact. It sort of
deals with unintended consequences of our actions. In the Decem-
ber 1996 issue, the conclusion in effect was that the reduction in
particulate matter in the atmosphere—which is in effect a base
that neutralizes acid rain—had substantially essentially neutral-
ized the effect of our efforts to reduce acid rain. That had not been
anticipated. As a matter of fact the author concluded, “When we
began this work, we certainly did not anticipate that reducing one
form of pollutants, dust particles, could be found to decrease the
success or reductions or another pollutant, sulfur dioxide.”

I guess I am saying to you that if we knew within the scientific
community what kinds of particles caused what kinds of medical
problems, could we perhaps be more effective and make a better
case for reduction of those particles as opposed to others that may
not be harmful?

Dr. WOLFF. There are literally hundreds of different chemicals in
the atmosphere that form these particles. Many people have sug-
gested that maybe it is not the total number of particles. Maybe
it is some constituent in the particles that causes the effects. You
are absolutely right that we need more information.

Senator INHOFE. Thank you, Senator Sessions.

Senator Lieberman.

Senator LIEBERMAN. Thank you, Mr. Chairman.

Dr. Wolff and Dr. Lippmann, thank you both for your testimony
and for your service.

This is confusing for us to try to understand and so important.
I just want to clarify something because I was confused at the out-
set—and maybe some of my colleagues were as well—we are talk-
ing about two different kinds of measurement in particulate mat-
ter, aren’t we? To state it in laymen’s language, the size of the par-
ticles is what we ought to be concerned about. I think you said, Dr.
Wolff, that 19 out of the 21 on CASAC agreed that we ought to go
frogothe PMio standard down to 2.5 to measure finer particles,
right?

Dr. WoOLFF. Let me try to explain this. The PMjg refers to par-
ticles that have a diameter of 10 microns and less. So it includes
everything from 10 down. PM;5 includes all the particles with a di-
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ameter of 2.5 microns and down. So PM.5 is a subset of PMjo. It
is finer.

Senator LIEBERMAN. But we have used the word standard inter-
changeably. I think that is where I got confused.

On what you just described, then, there was broad consensus on
CASAC? Where there was disagreement and no consensus was
what level of those 2.5 particles was acceptable in a unit of air. Is
that correct?

Dr. WoLFrF. That is correct.

Senator LIEBERMAN. On that there was disagreement, but I take
it that you felt—and some of the epidemiologists who joined you in
the letter Dr. Lippmann—that the standard the Administrator set
was an appropriate standard to protect health.

Dr. LipPMANN. Not quite. What we talked about in our letter was
the plausibility of the association between the inhaled fine particles
and the health effects. That letter was written before the Adminis-
trator made her choice of the concentration limit.

Senator LIEBERMAN. So the conclusion of those who wrote the let-
ter was what about the plausibility?

Dr. LiPPMANN. As compared to Dr. Wolff and some other cluster
of members on the panel, we were more convinced that the fine
particles were causally associated with the health effects.

Senator LIEBERMAN. Still on particulate matter as opposed to
ozone, Dr. Wolff, I have a photocopy of an article of July 14, 1996,
from the Riverside (CA) Press Enterprise about this issue. You are
quoted in the article as saying,

Something is killing Americans, but I don’t know what. It’s clear we need some
kind of standard to prevent the effects we’re seeing. The question is: What is it in

the particulate matter that’s doing it? The conclusion we come to is we don’t know.
That’s the dilemma.

Is that a fair quote?

Dr. WoLFF. It was an accurate quote. That was somewhere dur-
ing the middle of the review.

What was the date on that?

Senator LIEBERMAN. July 14, 1996.

[The referenced article follows:]

[From the Riverside (CA) Press Enterprise, July 14, 1996]
SOMETHING IS KILLING AMERICANS

(By Gary Polakovic)

Can the brown haze on the horizon really contain enough poisons to kill people?

Overwhelmingly, scientists who study the problem say yes. Dozens of health stud-
ies from around the world in the past few years have convinced experts smog can
be deadly in concentrations common in many communities.

Most experts believe particles are to blame. And there is wide-spread agreement
air quality standards do not protect people from the danger.

“It’s the single biggest public health problem we face today in the environment,”
said Daniel B. Menzel, chairman of the Department of Community and Environ-
mental Medicine at the University of California, Irvine.

The U.S. Environmental Protection Agency twice reached the same conclusion
about air pollution in two separate comparative risk reviews in 1987 and 1990 that
predate the most incriminating particle pollution health studies.

Even industry scientists, skeptical at first, acknowledge a menace lurks in the air,
although they caution against alarm and have concerns about proposals to crack
down on smoggy particles.
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“Something is killing Americans, but I don’t know what,” said George T. Wolff,
principal scientist at General Motors and chairman of EPA’s Clean Air Science Ad-
visory Committee. “It’s clear we need some kind of standard to prevent the effects
we’re seeing.

“The question is: What is it in the PM (particle matter) that’s doing it? The con-
clusion we come to is we don’t know. . . . That’s the dilemma,” he said.

Therein lies the rub. It is the questions, not the answers, raised by the particle
1s{n[lllog health studies that has embroiled scientists in debate over how air pollution

ills.

The controversy centers on particle pollution and is reminiscent of a similar public
health debate a few decades ago.

“It’s like the debate over cigarette smoking years ago,” said Morton Lippmann,
professor of environmental medicine at the New York University Medical Center. “It
is real, we just don’t know why it is happening.”

For example, scientists do not know which particles in the smog mix harm people.
Several health studies implicate particulate matter sized 2.5 microns, called PM;s.
But some scientists say it may be particles much smaller.

Others say it might be a particular particle, such as a metal fragment or sulfates.
Still others wonder if particles work in concert with other pollutants to wreak harm.
And a few say it may be impossible to distinguish which smog ingredient kills.

Few laboratory tests have been done to see whether particle-induced mortality
documented in human populations can be reproduced using animals, an important
step to provide a cause and effect relationship.

“I have no doubt we are seeing mortality, but so far no one has been able to iden-
tify a biologically plausible mechanism,” Menzel said.

Michael Kleinmann, toxicologist at the UC Irvine Air Pollution Health Effects lab-
oratory, said recent tests at Harvard University and UC Irvine have begun to close
that gap.

In an experiment concluded in April, Kleinmann found elderly rats breathing very
tiny particles and a smidgen of ozone showed 30 percent more chemicals inside their
lungs capable of destroying lung tissue and seriously compromising the animals’ res-
piratory health.

The uncertainties bother skeptics. Chief among them is Suresh Moolgavkar, epi-
demiologist at the University of Washington and professor at the Fred Hutchinson
Cancer Research Center in Seattle. He acknowledges smog is deadly, but he said
anorci1 research is needed to prove particles are solely responsible for premature

eath.

He showed that in Philadelphia gaseous sulfur oxide was associated with death
during winter and spring while particles seemed to kill in summer. Sulfur oxide gas
is emitted by coal-fired power plants and converts to sulfate, the most abundant
particle pollutant in the East.

“If two individuals, one who ingested sugar laced with strychnine and one who
took sugar laced with cyanide, dropped dead, would we blame the sugar?”
Moolgavkar said.

But other scientists dispute those objections.

In a March 20 letter, four scientists told EPA Administrator Carol M. Browner
that health studies clearly show “a causal relationship between particulate air pollu-
tion . . . and excess mortality and morbidity.” The letter was signed by Lippmann;
Carl Shy, chairman of the Department of Epidemiology at the University of North
Carolina at Chapel Hill; Frank Speizer, professor at the Harvard University Medical
School; and Jan Stolwijk, epidemiology professor at Yale University.

The four scientists serve on an obscure, 21-member panel called the Clean Air
Science Advisory Committee, which in May completed a review of the scientific evi-
dence and endorsed EPA’s recommendation to create a new national standard to
control ultrafine particles.

Authors of studies showing deadly effects of particles are also troubled by their
findings, but for different reasons.

“It bugs us,” said C. Arden Pope III, researcher at Brigham Young University.
“We’re not out to prove everyone is dying from air pollution. We keep asking our-
selves, ‘Is it real? I was not a believer at all. I've tried for 10 years to try and ex-
plain away these effects, but the bottom line is the phenomenon remains.”

Jonathon M. Samet, chairman of the epidemiology department at Johns Hopkins
University in Maryland, said doubts about harm from particles have largely been
laid to rest. He led an investigation for the prestigious Health Effects Institute,
which in August validated leading studies that conclude particles kill. The institute,
funded by industry and federal funds, is widely viewed as an objective arbiter of
such disputes.
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As debate intensifies, Menzel at UC Irvine cautions scientists must not lose sight
of the big picture: “We've still got a body count and we shouldn’t be having that
at all.”

Senator LIEBERMAN. The question I would have—and this is our
difficulty here—you agree something is killing Americans? Pre-
mature mortality——

Dr. WoLFrF. I don’t agree with that today. I don’t agree that we
have the basis to make that statement today.

We all went through a learning curve, to some degree, during
this review. Personally myself, I went into the review with a very
open mind. Along the way, my mind changed. By the time we had
finished the review, I had more doubts as to whether or not the
science supported the statistical relationship or the causality than
I did when I started.

Senator LIEBERMAN. So did you then conclude, or do you know,
that there are no premature deaths of Americans due to particulate
matter?

Dr. WoLFF. I don’t think we know.

Senator LIEBERMAN. So you really question the fundamental
proposition about health effects in the EPA Administrator’s report
that 40,000 may be dying earlier than they would otherwise in this
country?

Dr. WoOLFF. There are a number of us on the committee who
question that.

Senator CHAFEE. You're talking strictly particulates?

Senator LIEBERMAN. Yes, just particulates. That is what the
40,000 premature deaths was related to.

Dr. Lippmann, I take it that you do not question that there are
some Americans dying prematurely because of these particles in
the air?

Dr. LipPMANN. I think more of the committee believes that they
are.

Senator LIEBERMAN. And you are in that group?

Dr. LIPPMANN. Yes.

Senator LIEBERMAN. Was there a breakdown—did more of the
epidemiologists, that is, public health experts on the committee,
agree that there are premature deaths in America caused by par-
ticulate matter?

Dr. LipPMANN. Yes.

[The letter and table referenced in the CASAC report follow:]
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:" >P"g UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
i N\ v ] WASHINGTON, D.C. 20460
P nc“‘c;

CFFICE OF THE ADMIN
June 13, 1996 SCIENCE .mo..‘:.'a.‘:f,"“

EPA-SAB-CASAC-LTR-86-008

Honorable Carol M. Browner
Administrator

U.S. Environmental Protection Agency
401 M. Street SW

Washington, DC 20460

’ Subject:” Closure by the Clean Air Scientific Advisory Committes (CASAC) on the Staff
Paper for Particulate Matter

Dear Ms. Browner:

The Clean Air Scientific Advisory Committee (CASAC) of EPA’s Science
Advisory Board (SAB) has heid a series of public meetings during its peer review of the
Agency's draft documents which will form part of the basis for your decision regarding
the National Ambient Air Quality Standards (NAAQS) for Particulate Matter (PM). The
Committee has held public meetings on December 12-13, 1994 (planning and
introductory issues); August 3-4, 1995 (review of the initial draft Criteria Document),
December 14-15, 1995 (review of the revised draft Criteria Document and the first draft
of the Staff Paper); February 29, 1996 (review of the revised draft Criteria Document -
specified chapters only, and the Office of Air Quality Planning and Standards (OAQFS)
Risk Assessment Plan); and May 16-17, 1996 (review of the revised draft Staff Paper).
The primary Agency draft documents that we have reviewed are the: a) Air Quelity
Criteria for Particulate Matter (the “Criteria Document” prepared by the National Centar
for Environmental Assessment - Research Triangle Park, NC - ORD), b) Review of the
National Ambient Air Quality Standards for Particulate Matter: Policy Assessment of
Scientific and Technical Information (the “Staff Paper” prepared by the Office of Air
Quality Planning and Standards - Ressarch Triangle Park, NC - OAR), and c) A
Particuiate Matter Risk Analysis for Philadelphia and Los Angeles (draft), 1996,
Prepared by Abt Associates for US EPA.

As part of our review process, we have kept you informed of our findings through
three letter reports: a) Clean Air Scientific Advisory Committee (CASAC) Comments on
the April 1995 draft Air Quality Criteria for Particulate Matter (EPA-SAB-CASAC-LTR-
95-005; August 30, 1895); b) Clean Air Scientific Advisory Committee (CASAC)
Comments on the November, 1995 Drafts of the Air Quality Criteria for Particulate
Matter and the Review of the National Ambient Air Quality Standards for Particulate
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Matter: Palicy Assessment of Scientific and Technical Information (OAQPS Staff
Paper), (EPA-SAB-CASAC-LTR-96-003, Januery 5, 1896), and c) Closure by the Clean
Air Scientific Advisory Committee (CASAC) cn the draft Air Quality Criteria for
Particulate Matter (EPA-SAB-CASAC-LTR-86-005, March 15, 1996).

The Ciean Air Scientific Advisory Committee, supplemented by a number of
expert Consultants (hereinafter referred to as the "Panel®), reviewed a first draft of the
Staff Paper for Particulate Matter at the December 14 and 15, 1995 meeting in Chapel
Hill, NC. At that meeting and in subsequent written comments by individual members
which were pravided to EPA Staff, the Panel made numerous recommaendations for
improving the draft document. The Pans! met again on May 16, 1996 in Chapel Hill, NC
and on May 17, 1996 in Research Triangle Park, NC to review a revised draft of the
Staff Paper and the recommendations contained within the Staff Paper for the level and
form of the proposed PM NAAQS, This lener is a summary of our findings and
conclusions from that meeting.

It was the consensus of the Panel that aithough our understanding of the health
effects of PM is far from complete, the Staff Paper, when revised, will provide an
adequate summary of our present understanding of the scientific basis for making
regulatory decisions concerning PM standards. Seventeen of the twenty-one Panel
members voted for closure. There were two no votes, one abstention, and one
absence. However, most of the members who voted for closure did so under the
assumption that the Agency would make significant changaes to the next version cf the
Staff Paper which is due by July 15, 1996 (a court ordered mandats). The desired
changes have been articulated to your staff at the meeting and subsequently in writing.

The Panel endorses the EPA Staff's recommendation not to estabiish a separate
secondary PM NAAQS for regulating regional haze and agrees that there is an
inadequate basis for establishing a secondary NAAQS to reduce soiling and material
damage effects.

The attached table (Table 1) summarizes the Panel members' recommendations
concerning the form and lsvels of the primary standards. Although some Panel
members prefer to have a direct measurement of coarse mode PM (PM,,; <) rather than
using PM,, as a surrogate for it, there is a consensus that retaining an annual PM,,
NAAQS at the current leve! is reasonabie at this time. A majority of the members
recommend keeping the present 24-hour PM,, NAAQS, at least as an option for the
Administrator to consider, although those commenting on the form of the standard
strongly recommended that the form be changed to one that is more robust than the
current standard. There was also a consensus that a new PM, ; NAAQS be
estabiished, with nineteen Panel members endorsing the concept of a 24-hour and/or
an annual PM, s NAAQS. The remaining two Panel members did not think any PM, ¢
NAAQS was justifiad. However, as indicated in Table |, there was no consensus on the
level, averaging time, or form of a PM, ;s NAAQS. At first examination of Table i, the
diversity of opinion is obvious and appears to defy further characterization. However,

2
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the opinions expressed by those endorsing new PM, s NAAQS can be classified inta
three broad categories. Four Panel members supported specific ranges or levels within
or toward the lower end of the staif's recemmended ranges. Seven Panel members
supported specific ranges or levels near, at, or above the upper end of staff's .
recommended ranges. Eight other Panel members declined to select a specific range
or level, but most had comments which appear as footnotes in Tabie I.

A number of Panel members based their support for a PM, s NAAQS on the
following reasoning: thers is strong consistency and coherence of information indicating
that high concentrations of urban air pollution adversely affect human health, there are
already NAAQS that deal with all the major companents of that poliution except PM, ,,
and there are strong reasons to believe that PM, ; is at ieast as important as PM;e, < in
producing adverse health effects.

Part of this diversity of opinion can be attributed to the accelerated review
schedule. While your staff is to be highly commended for producing such quality
documents in such a short period of time, the deadiinas did not allow adequate time to
analyze, integrate, interpret, and debate the available data on this very complex issue.
Nor does a court-ordered schedule recognize that achieving the goal of a scientifically
defensible NAAQS for PM may require iterative steps to be taken in which new data are
acquired to fill obvious and critical voids in our knowledge. The pravious PM NAAQS
review took eight years to complete.

The diversity of opinion also reflects the many unanswered questions and
uncertainties associated with establisning causality of the assaociation between PM, ¢
and mortality. The Panel members who recommended the most stringent PM,
NAAQS, similar to the lower part of the ranges recommended by the Staff, did so
because they cencluded that the consistency and coherence of the epidemiology
studies made’a compelling case for causality of this association. However, the
remaining Panel members were influenced, to varying degrees by the many
unanswered questions and uncertainties regarding the issue of causality. The concerns
include: exposure misclassification, measurement error, the influence of confounders,
the shape of the dose-response function, the use of a national PM, ./PM,, ratio to
estimate local PM, ; cencentrations, the fraction of the daily mortality that is advanced
by a few days because of pallution, the lack of an understanding of toxicological
mechanisms, and the existencs of possible alternative explanations.

In recommending that the staff carry out a risk assessment, it was the
expectation of CASAC that the risk assessments would narrow the diversity of opinion
by evaluating how all of the uncertainties propagate throughout the entire model.
However, not all of the uncertainties could be included and the combined effect of ail of
them could not be examined. The Panel recommended that additional analyses be
conducted to present combined uncertainties. However, currently the risk assessments
are of limited value in narrowing the diversity of opinion within the Panel.
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The Panel is unanimous, however, in its desire to avoid being in a similar
situation when the next PM NAAQS review cycle is under way by a future CASAC
Panel. The Agency must immediately implement a targeted research program to
address these unanswered questions and uncertainties. It is also essential that we
obtain long-term PM,  measurements. CASAC is ready to assist the Agency in the
development of a comprehensive research plan that will address the quaestions which
need answers before the next PM review cycle is completed. We understand that your
staff is preparing a PM research plan for our review later this summer. We look forward
to providing our comments on this important matter.

CASAC racognizes that your statutory responsibility to set standards requires
public health palicy judgments in addition to determinations of a strictly scientific nature.
While the Panel is willing to advise you further on the PM standard, we see no need, in
view of the already extensive comments provided, to raview any proposed PM
standards prior to their publication in the Federal Register. In this instance, the public
comment period will provide sufficient opportunity for the Panel to provide any additional
commaent or raview that may be necessary.

Thank you for the opportunity to present the Panel's views on this important

public heaith issue. We look forward to your response to the advice contained in this
letter.

Sincerely, ¥

S
g T Uoge
Or. Gedrge T. Wolff, Chair

Clean Air Scientific Advisory Committee
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TABLE |

Summary of CASAC Panel Members Recommendations

(all units pug/m®)

PM,, PN, PM,, PM,,
24-hr Annual _ 24-hr Annual |
Current NAAQS N/A NIA 150 50
EPA Staff Recommendation | 18 - 65 12.5-20 150" 40 - 50
Name Discipiine
Ayres M.D. yes? yes? 150 50
Hopke Atmos. Sci. 20 - 50° 20-30 no 40 -50*
Jacobson | Plant Biologist yes? yes? 150 50
Koutrakis | Atmes. Sci. yes?s® yes?se no yes*
Larntz Statistician no 25-307 nec yes?
Legge Plant Biologist 275 no 150 40 - 50
Lippmann | Health Expert 20 - 50° 15-20 no 40 - 50
Mauderly | Toxicologist 50 20 150 50
McClellan | Toxicologist no® ne® 150 50
Menzel Toxicologist no no 150 30
Middieton | Atmos. Sei. yes312 yes*3 1501 50
Pierson Atmos. Sci. yes*? yas?® yes* _yes*
Price Atmos. Sci./ yes>'® yes™ no* yes*
State Official
Sh Epidemiologist 20-30 15-20 no S0
Samet’ Epidemiologist | yes*" no 150 yes?
Seigneur | Atmos. Sci. yes*® no 150" 50
Speizer' Epidemioiogist | 20 -50 no no 40 - 50
Stolwijk | Epidemiologist 757 25-307 150 50
Utell M.D. 265 no 150 50
White Atmes. Sci. no .20 150 50
Wolff tmos, Sci. 2757 no 15Q° _50

N e v e uN

not present at meeting; recommendations based on written comments
declined to select a value or range

recommends a more robust 24-hr. form

perfers a PM,,, ; standard rather than a PM,, standard

concerned upper range is too low based on national PM, /PM,, ratio
leans towards high end of Staff recommended range

desires equivalent stringency as present PM,, standards
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® it EPA decides a PM, s NAAQS is required, the 24-hr. and annual standards
should be 75 and 25 ug/m®, respectively with a ropust form

? yes, but decision not based on epidemiological studies

" jow end of EPA's proposed range is inappropriate; desires levels selected to
include areas for which there is broad public and technical agresment that

“ they have PM, ; pollution problems

only if EPA has confidence that reducing PM, s will indeed reduce the components
of particles responsible for their adverse effects

' concerned lower end of range is oo close to background

™ the annual standard may be suifficient; 24-hr ievel recommended if 24-hour
standard retained
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Senator INHOFE. Thank you, Senator Lieberman.

Senator Hutchinson.

Senator HUTCHINSON. Thank you, Mr. Chairman. I feel like I am
getting a crash course in something that is way over my head.

As a layman listening to this, let me restate the issue and you
tell me if it is a fair characterization. That there is no doubt that
there was a lot of uncertainty and a lot of diversity of opinion. Both
of you agree that it would have been nice to have more time and
more studies. More information would be very helpful in determin-
ing definitively the causality issue. Your differences are that Dr.
Lippmann would say that we should have the more stringent
standard now and do the studies and Dr. Wolff would say that
until we know and have more information and can do those studies
we should hold off on the most stringent standard?

Is that a fair characterization of what I have heard?

Dr. LipPMANN. With one exception. It is a very fair statement,
but I would like to put in the other consideration that we don’t
have to wait now. A decision is called for at this point in time with
the information we now have. We both agree that it is less fully
convincing than we would like, but a judgment must be made now
according to the Clean Air Act. But we both agree—and I think we
are very close on the issues which are uncertain—on the kinds of
uncertainties there are. We have worked very closely together on
identifying the research issues. I think we see eye to eye on most
of those.

Senator HUTCHINSON. While a decision has to be reached, it
doesn’t have to be this decision, the one that has been rec-
ommended.

Dr. LIPPMANN. No.

Senator HUTCHINSON. Dr. Wolff, would you respond?

Dr. WoLrrF. I think you characterized it accurately. I think that
there was a spectrum of opinions on the committee

Senator HUTCHINSON. Dr. Wolff, the diversity of opinion that you
alluded to—I think you said that four members supported the level
near the low end of the EPA range, eight members declined to offer
an opinion, seven members supported ranges at or above the EPA
range, and two members did not think a 2.5 standard was needed.
Is that accurate?

Dr. WoLrF. That sounds accurate.

Senator HUTCHINSON. That is on the PM. On the ozone there was
a similar spread in diversity of opinion in that three members sup-
ported .08 PPM with multiple exceedances and three members sup-
ported .09 PPM with multiple exceedances and so forth. There was
a big diversity.

Let me give you a series of questions so that I can let you ex-
pand.

Elaborate on the difference of opinion among CASAC. Why was
there so much diversity? Considering that diversity, how did EPA
come up with the PM> 5 standard in the first place?

Elaborate on the ozone area and diversity of opinions. Why was
there so much diversity. How did EPA come up with a standard
that was the most stringent of all the opinions expressed? And did
EPA givelf%‘ASAC any guidance as far as range of the standards?

Dr. Wolff.
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Dr. WoOLFF. Let me start at the last question first, Did they give
us any guidance? The answer is yes. They suggested a range in
their staff paper.

The diversity of opinion concerning the PM was real. There were
recommendations all over the place. The reason for that diversity
was mainly because of all the unanswered questions that popped
up during the review, the many uncertainties. They ranged from a
simple thing of saying that EPA has not adequately demonstrated
that PM,5 is the culprit. Maybe it is PM and maybe it is something
else, perhaps a constituent of the PM. Maybe it is air pollution be-
cause most pollutant concentrations are correlated. But then you
get two other people raising the fact that there is no plausible bio-
logical mechanism.

There were concerns that the monitoring—most of these studies
were done using a single monitor outdoors to represent the expo-
sure of all the people in that community. People raised the point
that 90 percent of the time people spend indoors, so how could an
outdoor monitor be representative of exposure over the whole com-
munity.

They go on from there coming to the biggest doubt that Senator
Sessions brought up. There are studies that throw in humidity and
the effect goes away. That is why there was a diversity of opinion.

Senator HUTCHINSON. Is it fair to say that there is one thing that
can be agreed upon, that there are still an awful lot of unanswered
questions. A great deal of information and scientific data needs to
be gathered before there can be a definitive cosmology and

Dr. WoOLFF. Absolutely. We agree on that totally. Like Dr. Lipp-
mann said, we have reviewed the Agency’s research plans and
made suggestions. We think we know what needs to be targeted in
the next 5 years so that we don’t go through this again in 5 years.

Concerning the ozone, the conclusion was that there was no
bright line. We had agreement on that. But having said that, then
some of the members wanted to give their personal preference. I
didn’t. I said it was strictly a policy call because I didn’t think that
a personal preference was a scientific opinion. But the personal
preferences—and you have quoted them correctly—if you took some
sort of average of them, you would end up selecting .09 with mul-
tiple exceedances. In the Federal Register notice, EPA acknowl-
edges that. Then they say, on the other hand, the environmental
groups and others are pushing for a .07. So they picked the middle.

Senator HUTCHINSON. My time is up.

Thank you, Mr. Chairman.

Senator INHOFE. Thank you, Senator Hutchinson.

Senator Allard.

Senator ALLARD. These scientific articles that you reviewed—I
assume they were refereed and in your opinion the panel that ref-
ereed them were credible, highly respected scientists?

Dr. LipPMANN. These are journal articles, which are reviewed in
the scientific process. That is traditional. Only peer-reviewed jour-
nal articles came forward into the docket that we were looking at.

Senator ALLARD. But when you look at the scientific articles,
some of these review panels are more tightly scrutinized than oth-
ers, particularly if you are looking at an article, for example, that
was written—the American Medical Journal is a very strictly ref-
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ereed journal. On the other hand, the journal that may have been
written for general circulation may not have had heavy scrutiny.

Dr. LipPMANN. We are only talking about scientific manuscripts.
We are not talking about general literature.

Senator ALLARD. I know, but I want to be clear on the committee
is that both of you were comfortable that this was good scientific
information in these journals and that what you’re telling this com-
mittee is that these written articles—scientific articles—have been
generally recognized by the science community as good science.

Dr. LipPMANN. This was the best available science.

Senator ALLARD. In the studies that came forward—and we were
looking at our standard. The average individual sitting in this
room—would these changes in standards proposed here affect the
normal person?

Dr. LiPPMANN. In all these air standards for all the years they
have been setting them, following the Act, the focus has been on
identifying a sensitive segment of the population and trying to see
if it is a sizable segment, not a single individual or a few individ-
uals. Asthmatics as a group is a segment which is relevant in this
case.

I am healthy and when the ozone is above the current standard,
I don’t feel bad and perhaps you don’t feel bad, but there is a siz-
able number of people—even if a small percentage—who is ad-
versely affected.

Senator ALLARD. So your response is that a normal person would
not notice the change in recommended standards?

Dr. LIPPMANN. Most people would not notice the change or have
any impact on their health, but the sensitive segment of the popu-
lation is responsive.

Senator ALLARD. You talked about an asthmatic. Is it 10 percent
loss of function, 50 percent loss of function, 25 percent loss of func-
tion? When does that individual begin to notice a difference on
these changes?

Dr. LipPMANN. The sensory response is not directly related to the
functional response. In healthy people, you get the functional re-
sponse——

Senator ALLARD. Sensory?

Dr. LipPMANN. Do you feel it? Or is it measurable? In other
words, if I do a respiratory test on you, you may have less lung ca-
pacity, but you don’t feel like you have less lung capacity because
of your reserve.

But in our studies of the asthmatic children, the changes in lung
function are there as they are in healthy children, but in asthmatic
children they feel it. They get symptoms. They require extra medi-
cation when the ozone is high. The Connecticut River Valley is
where we did our most recent study, in an area where you send
children because it is clean. When the ozone was even below the
current standards, the symptom rate of the children went up, they
went to the health clinic and asked the physician for more medica-
tion.

We know that is good medical data because the physician had to
agree that the child not only continued on that baseline medication
but asked for extra medication on that day and it was given to
them. We have an exposure response relationship for that effect.
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Senator ALLARD. So that on a particular day when the ozone
level was observed going up in your particular example, what was
going on that day that caused the ozone to go up?

Dr. LipPMANN. This is a regional phenomenon. The weather pat-
tern sets it up, the high pressure areas—Dr. Wolff, who has mete-
orological background can give you a better technical definition. It
is a random thing that happens a number of times each summer.
You get these air masses which cook and develop ozone and the as-
sociated organic particles that form with the ozone.

Senator ALLARD. So there could be other factors involved rather
than just ozone?

Dr. LiPPMANN. Yes. In fact, our study showed that the fine sul-
fate particles are also indicative of the response of these children.

Senator ALLARD. Part of the problem of having a bright line with
ozone, for example, is not only the effect on a normal individual,
but the diseased individual with various degrees of disease—maybe
30 percent loss of function as opposed to 10 percent.

Dr. LipPMANN. A 30 percent loss of function wouldn’t disable you
or me, but for an asthmatic child who has less capacity, that is a
big difference. That is why it is important to do these together be-
cause the ozone formation process leads to hydroxylions, which oxi-
dize the SO, and make acidic fine particles. So you get the organic
particles and the acidic particles because these things are in the air
together. The decision by EPA to deal with both pollutants at the
same time is a very good choice.

Senator ALLARD. With your tolerance and that of the committee,
I would like to ask just one more question.

In some parts of the country, we have some background informa-
tion that says that particularly in the western parts of the United
States that the ozone level naturally may occur at .075. Would you
agree with that?

Dr. LIPPMANN. No.

Senator ALLARD. It is an EPA staff paper on ozone, EPA 452/R—
96-007, page 20.

Dr. LIPPMANN. I can’t say it never happened, but that would be
an unusually high background level. Dr. Wolff I am sure would
agree.

Dr. WoLFF. Background is normally around .04. But there is con-
siderable variability. In a given year, it wouldn’t be unlikely to see
that as high as .07 on a given day.

Senator ALLARD. So if we have a normal background that could
occur at .075, in those parts of the country, how do you enforce
that?

Dr. LipPMANN. First off, as I said earlier, it is going to a multiple
exceedance basis. So that rare day won’t by itself cause an
exceedance.

Senator ALLARD. Thank you.

Senator INHOFE. Thank you, Senator Allard.

Senator Graham.

Senator GRAHAM. Thank you, Mr. Chairman.

I would like to ask a few questions that relate to the process by
which this very significant decision has been made. There are obvi-
ously important consequences of your scientific judgment which in-
clude economic consequences and consequences on public health.



54

Could you evaluate the degree of exactness, certainty of the
science, that undergirded this review of ozone and particulates in
comparison to other scientific issues that have come before CASAC
and their degree of precision and exactitude?

Dr. WoLFF. I think the ozone review was done in a manner that
was similar to the past reviews in that we were able to come to
a consensus. I think that is the key. If you can come to a consen-
sus, then the level of comfort with the science is pretty adequate.
We were able to do that with ozone even though we concluded that
there was no bright line, but that was the best science could do.
Ihdon’t think that we can push the science at this point much fur-
ther.

For the PM, I think there was a high level of discomfort, not with
the quality of the science, but because there were different inter-
pretations of the science that led to the diversity of opinion and no
consensus on the committee.

Dr. LipPMANN. This is not a unique kind of review in sharing the
previous rounds of reviews for the criteria pollutants. The process,
if anything, improved. The number and quality of the available in-
formation has improved. It is comparable to my experience on other
SAB activities. I chaired the environmental tobacco smoke review,
the risk assessment. I am currently chairing the dioxin risk assess-
ment review. These are very difficult issues where no manufacturer
is coming in and asking for an approval and having to submit the
proof that their product is safe. This is information generated for
other purposes and interpreted as necessary to make these deci-
sions.

What makes these decisions different is the implications that are
involved. We hadn’t previously come down to levels approaching
background. So there is another level of complication in this re-
view, which leads to the personal preferences being different, rec-
ognizing the implications.

In the past, we were dealing with ranges and levels where there
was somewhat discomfort or lack of it on the public interest side
and the industry side because it would be expensive. Now we are
getting down to levels of concern that may not even be feasible in
the short run and only gradually approached. So I think that is
where the difference is, not in the process, but in the implications
and how that fed back into the way individual committee members
reacted.

Senator GRAHAM. But in spite of that schism you just described,
there was a consensus within the committee on the recommenda-
tion that went to the Administrator. Is that correct?

Dr. LiPPMANN. Yes. We did endorse the ranges put forward by
the staff paper as a consensus of the committee for both.

Dr. WoLFF. No, we didn’t endorse the range for PM.

Dr. LIPPMANN. Yes, we did.

Dr. WorLrr. No, we didn’t. There were members whose rec-
ommendations——

Dr. LipPMANN. The personal preferences were different, but they
endorsed the range.

Dr. WoLFF. No, they didn’t.

Dr. LipPMANN. Well, we disagree.

[Laughter.]
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Senator GRAHAM. Let’s ask each to state precisely what your un-
derstanding of what was or not agreed to.

Dr. WoLFF. The range for the 24-hour PM; 5 value that EPA pro-
posed was 18 to 65 micrograms per cubic meter. There were a num-
ber of members who recommended that it be 75 micrograms per
cubic meter. There were a number of members who recommended
that there not be a 24-hour standard. So I can’t say that there was
consensus on the range because there were a number of members
who either favored something higher or didn’t favor it at all.

Senator GRAHAM. What number of the members of the committee
approved the EPA’s 18 to 65 range?

Dr. WoLFF. There is a table in the—in fact, we have a table here
but I don’t know if you can see it. It is also a table in my written
comments. It is on page 7 of the written material. The first column
is the recommendation for the 24-hour standard. The range that
EPA expressed was 18 to 65. You can see that as you go down,
there are four people that prefer a range that is within the range
of EPA’s, then a number of yeses that simply say that they endorse
a 2.5 standard but decline to select a range. So we can’t say posi-
tively one way or the other whether they endorse the range or not.
Then as we go down, we get into some noes, one greater than or
equal to 65, some 75’s. It looks to me that of the members who
made a commitment, the majority of those favored something that
was above the range or a simple no.

Senator GRAHAM. Dr. Lippmann, what is your interpretation?

Dr. LipPMANN. I interpret all the yeses to be an endorsement of
the range. There is no question in my mind about that.

Dr. WoLFF. The “yes” is not an endorsement of the range. I was
the one who collected the comments.

Senator INHOFE. Thank you very much.

Seeing that there are no further questions, I want to thank the
first panel very much for coming. Since we went a little over our
time, we won’t have a second round of questioning. If there are any
further questions of members of the panel or committee, we would
like to submit them in writing and would ask you to respond to
both the member who requested and the committee.

Thank you very much.

Senator INHOFE. I now ask that our second panel, our ozone
panel, come to the witness table.

Our second panel is Dr. Daniel Menzel, Community and Environ-
mental Medicine, University of California, Irvine; Dr. George Thur-
ston, associate professor, Department of Environmental Medicine,
New York University School of Medicine; and Dr. Roger O. McClel-
lan, president, Chemical Industry Institute of Toxicology.

You heard the instructions to the previous panel. If you can ad-
here to the 5-minute comments, your entire statement will be sub-
mitted, without objection, into the record.

We will first hear from Dr. Thurston.

STATEMENT OF GEORGE THURSTON, ASSOCIATE PROFESSOR,
DEPARTMENT OF ENVIRONMENTAL MEDICINE, NEW YORK
UNIVERSITY SCHOOL OF MEDICINE

Dr. THURSTON. Thank you.
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The adverse health consequences of breathing ozone at levels
below the current U.S. national ambient air quality standard of
120 parts per billion ppb are serious and well documented. This
documentation includes impacts demonstrated in controlled cham-
ber exposures of humans and animals, and observational epidemi-
ology showing consistent associations between ozone and adverse
impacts across a wide range of human health outcomes.

Observational epidemiology studies have shown compelling and
consistent evidence of adverse effects by ozone below the current
United States standard including decreased lung function, more
frequent asthma symptoms, increased numbers of asthma attacks,
more frequent emergency department visits, additional hospital ad-
missions, and increased numbers of daily deaths.

In my own research, I have found that ozone air pollution is as-
sociated with increased numbers of respiratory hospital admissions
in New York City, Buffalo, New York, and Toronto, Ontario, even
at levels below the current standard of 120 ppb. My ozone-hospital
admissions results have been confirmed by other researchers con-
sidering other locales.

The United States EPA used my New York City asthma results
in the staff paper—and I guess we will be hearing more about
them—when estimating the health benefits of lowering the ozone
standard. However, they failed to consider other respiratory admis-
sions affected, such as for pneumonia or bronchitis. Thus, consider-
ing the published results from various cities, the EPA analysis
under-predicts the respiratory hospital admission benefits of their
proposed regulations by about a factor of two.

This month, the results of a study I conducted on the effects of
air pollution on children at a summer asthma camp in Connecticut
will be published. This study of a group of about 50 moderate to
severely asthmatic children shows that these children experience
diminished lung function, increased asthma symptoms, and in-
creased use of unscheduled asthma medications as ozone pollution
levels rise. On the highest ozone days, the risk of a child having
an asthma attack was found to be approximately 40 percent
greater than on an average study day, with these adverse effects
extending to below 120 ppb ozone.

I might add that this is right near the border of Rhode Island.
I am sure that this same pollution adversely affected children in
Rhode Island, my home State.

More recently, I have found that daily mortality also rises after
high ozone days in the U.S. cities of New York City, Atlanta, De-
troit, Chicago, St. Louis, Minneapolis, San Francisco, Los Angeles,
and Houston, and at ozone levels reaching below the current stand-
ard. While not yet published, these U.S. results are supported by
previously published results, and by a recent spate of new papers
by other researchers showing similar associations between ozone
and human mortality around the globe, including a recent study of
mortality in London published in the British Medical Journal.

It is important to keep in mind that the above described epidemi-
ology is supported by a large body of knowledge from controlled ex-
posure studies that give consistent and/or supportive results, and
that have demonstrated pathways by which ozone can damage the
human body when it is breathed. Clinical studies have dem-
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onstrated decreases in lung function, increased frequencies of res-
piratory symptoms, heightened airway responsiveness, and cellular
and biochemical evidence of lung inflammation in health exercising
adults exposed to ozone concentrations as low as 80 parts per bil-
lion for 6.6 hours. Now, clearly, the EPA proposal is based on
sound science.

Airway inflammation is especially a problem for children and
adults with asthma, as it makes them more susceptible to having
asthma attacks. For example, recent controlled human studies
have shown that prior exposure to ozone enhances the reactivity of
asthmatics to aeroallergens, such as pollens, which can trigger
asthma attacks.

In addition, increased inflammation in the lungs can make the
elderly more susceptible to pneumonia, a major cause of illness and
death in this age group.

The EPA has proposed a standard of 80 ppb averaged over an
8-hour period, rather than the existing 120 limit for the highest
hour of each day. The switch to an 8-hour average is clearly appro-
priate, based on the scientific evidence that the cumulative effects
of multiple hours of exposure are worse for people than a single
peak hour of exposure.

However, since significant adverse effects are well documented
down to the 80 ppb level, the EPA proposal provides no margin of
safety. This is especially true since the proposed law will allow sev-
eral exceedances of this level before a violation is cited. Thus, the
health evidence would indicate that a standard set at 70 ppb ozone
averaged over an 8-hour period is needed, if any margin of safety
is to be provided to the public, rather than the 80 recommended
by the EPA.

It is interesting to note what levels other deliberative bodies
have recommended regarding permissible ozone levels. In Canada,
the daily 1-hour maximum allowed is 80 ppb of ozone, which is
roughly equivalent to an 8-hour limit of about 60 ppb ozone. In ad-
dition, the World Health Organization similarly recommended an
8-hour average guideline of 60 ppb for ozone over 8 hours. Also, re-
cently the American Conference of Governmental Industrial Hy-
gienists have proposed lowering the TLV for ozone to 50 ppb over
an 8-hour work day for workers under heavy exertion. This would
indicate that healthy American workers need to be protected from
levels that would be perfectly legal for the rest of us to breathe
under the USEPA’s proposals. The EPA’s new proposed ozone limit
is weak when compared to standards set or recommended by oth-
ers.

In conclusion, I would like to reiterate the key messages con-
tained in the letter that I and 26 other air pollution researchers
and physicians sent to President Clinton last month. Please listen
to the mainstream medical and scientific community on this issue.
Exposures to ozone and PM air pollution have been linked to medi-
cally significant adverse health effects. The current standards for
these pollutants are not sufficiently protective of public health.

Thank you for the opportunity to speak to you.

Senator INHOFE. Thank you, Dr. Thurston.

Dr. Menzel.
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STATEMENT OF DANIEL MENZEL, COMMUNITY AND ENVIRON-
MENTAL MEDICINE, UNIVERSITY OF CALIFORNIA, IRVINE

Dr. MENZEL. Thank you very much, Mr. Chairman.

My name is Dan Menzel. I am professor and chair of the Depart-
ment of Community and Environmental Medicine, University of
California at Irvine. I have submitted a written statement for the
record and I will just summarize some important points that I be-
lieve are of interest to the committee.

The committee has asked that I provide my views on the ozone
standard, and I am pleased to do that. I would also like to extend
my testimony to include the research effort of EPA because it di-
rectly affects the standard-setting process. In my written testimony
I have also stated my views on particulate matter standards and
research agenda because the two standards are interrelated. Par-
ticulate matter may be a surrogate for the complex mixture of air
pollution, including ozone.

The ozone standard is in need of revision, despite a continuing
lack of information. Recent human controlled exposure studies
have shown that some individuals have a decrement in respiratory
function on inhalation of ozone at the current national ambient air
quality standard of 120 (ppb). Some studies have also shown that
changes occur in the pulmonary, immune, and defense systems. Re-
cently one of my colleagues has shown that ozone-induced changes
in cell permeability occurs in rats at ozone concentrations near the
current standard.

A very large number of experimental animal studies have shown
that the magnitude of the exposure to ozone—that is, the amount
of ozone—is more important than the duration of exposure in the
chronic effects of ozone. Both the human exposure pattern and ex-
perimental animal studies show that chronic exposure to ozone is
the most important for adverse health effects.

Despite much work, the risks associated with different exposures
to ozone are not well known. Much work remains. The ozone story
is not a closed book.

The ozone standard should have a shorter averaging time to re-
duce the number of times people are exposed to high peaks of
ozone. I favor the 8-hour averaging time. We do not have good data
on how much the risk of lung disease will be reduced by reducing
the standard from 120 to 90 ppb. In fact, you heard a comment
that the current standard really is closer to 90 ppb if the 8-hour
averaging time is implemented.

It may be that a much greater reduction in the ozone standard
will be needed in the future. The standard should therefore remain
at 120 ppb with an 8-hour averaging time and let us see whether
the ozone standard can be attained with a shorter averaging time
and what exactly will happen.

Since the chairman has not heard a request for additional
money, I thought I would raise this issue and suggest that EPA
should join with its sister agencies, NIH and NSF, and mount an
integrated research program. It seems to me that the program
should develop a comprehensive study for the chronic effects of air
pollution. Such a program will point out the biological mechanism
on an integral level. This is again back to the plausible biological
mechanism as the basis for all studies that we should do.
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We should define the dose-response as responsible a relationship
as precisely as possible. We should seek biochemical markers of
ozone toxicity in humans for use in molecular epidemiology studies.
We need to improve the extrapolation model of ozone so that a pre-
cise estimate of the ozone dose can be made for humans in con-
trolled exposures, experimental animals, and actual human expo-
sures. We need to enhance the risk assessment.

I would like to discuss a few generic problems that I see with
EPA’s research agenda that are leading to these uncertainties in
the standard-setting process.

EPA’s research program in the health effects of air pollution has
suffered so much reduction in funding that it should be no surprise
that there are major data deficiencies at the time of the standard
setting. EPA has responded to the lack of resources for long-term
research by a crisis approach to solving long-term problems. Judg-
ments are being made on incomplete data and public confidence, in
my view, is being eroded.

National programs can solve major problems. We have seen this
in the AIDS research program. It is a remarkable success. Govern-
ment and scientists have to resist the temptation to tire of difficult,
long-term problems. We scientists must insist that air pollution re-
search deserves the highest priority nationally in health research,
something we haven’t done in the past.

Congress, in my opinion, can help resolve the continuing conflict
over air pollution health effects by directing and empowering
through appropriations enough resources so that EPA, NIH, and
NSF can mount an integrated national program. In my view, surely
the economic impact of air pollution alone is enough to justify such
a national program.

Thank you.

Senator INHOFE. Thank you, Dr. Menzel.

Dr. McClellan.

STATEMENT OF ROGER O. McCLELLAN, PRESIDENT,
CHEMICAL INDUSTRY INSTITUTE OF TOXICOLOGY

Dr. McCLELLAN. Mr. Chairman and distinguished members of
the subcommittee, I am pleased to have this opportunity to testify
at your request on the scientific issues related to the proposed new
standards. I request that my written testimony be included in the
record.

Senator INHOFE. Without objection, your prepared statement will
appear in the record.

Dr. McCLELLAN. By way of background, I serve as president of
the Chemical Industry Institute of Toxicology, a not-for-profit re-
search organization located in Research Triangle Park, NC. The
mission of that organization is to develop an improved understand-
ing and scientific basis for assessing the human health risks of ex-
posure to chemicals.

The comments I offer today are based on my experience as a sci-
entist concerned with the risks of airborne materials and my exten-
sive service in advisory roles to numerous public and private advi-
sory public organizations that has included service on EPA’s
Science Advisory Board, including service under each of the EPA’s
administrators on a number of committees, including serving as



60

chair of the Clean Air Scientific Advisory Committee from 1988 to
1992.

Based on the conversation in the last round, let me digress from
my written comments and give a little perspective.

The Clean Air Scientific Advisory Committee reviewed the sci-
entific basis for the NAAQS for PM for an extended period of time,
from 1979 to 1986, before the PMio standard was promulgated in
1987. During the 1980’s we had a continuing review of the basis
for the ozone standard. In fact, we had a criteria document pre-
pared and then a supplement to the criteria document. Both of the
PM and ozone reviews were characterized by an iterative pattern
of collection of data, synthesis, review, identifying research gaps,
research, and review again. Finally, over a 7-year period we came
to a closure, yet with a high degree of uncertainty as to the ade-
quacy of the PM data for making a regulatory decision. That was
the basis of promulgating the PM standard in 1987.

In the case of ozone, we came to a different conclusion. There
was a divergence of scientific opinion in 1989. We related that to
the Administrator. Administrator Reilly ultimately reaffirmed the
existing standard and initiated the current process that we are just
coming to closure on for ozone. Now, we have come together. The
degree of uncertainty in the ozone picture today, is much less than
it was in the late 1980’s. As a result, I think there was a very
strong consensus on CASAC. We have quite a different situation
with regard to PM.

Let me say that there was new scientific information that came
to bear during the last decade on ozone. This information was ap-
propriately reviewed by the EPA in their criteria document, re-
viewed by the staff in their position paper, and I think it allowed
us to come to a strong consensus that ozone was the appropriate
indicator in terms of photochemical oxidants. It was also appro-
priate to move to an 8-hour averaging time from the 1-hour averag-
ing time. But I hasten to add that the 8-hour and 1-hour are rel-
atively closely correlated so that even though we didn’t have an 8-
hour standard in the past, we were on the right track. We are on
an even better track now as we shift to an 8-hour standard.

We already heard that CASAC had a consensus that there was
no threshold for ozone, no bright line between adversity and a lack
of adversity. Based on that, the EPA staff suggested a range for an
8-hour averaging time of 0.07 to 0.09 PPM ozone. The committee
members came down within that range. I personally favored a 0.09
PPM standard with an 8-hour averaging time and the use of a 3-
year average of the annual third highest maximum 8-hour average.

My professional opinion was heavily shaped by information such
as shown in this chart. I would say that the basis of the chart is
drawn from an excellent piece of work carried out by Professor
Thurston of NYU, who studied hospital admissions in the New
York City area and the relationship to ozone levels.

I would call your attention to the top line. This is simply esti-
mated hospital admissions related to asthmatics in the New York
area. You will see excess admissions for the different forms of the
standard levels from 0.12 down to 0.07 and differing averaging

types.
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I call your attention to the fact that these are remarkably simi-
lar. There are numbers that range from 60 to 240 as contrasted to
the “as is” of 385. Dropping down to the second row the values are
expressed on a percentage basis. The numbers are relatively large;
for example, plus 83 percent in terms of the present “as is”, which
suggests that we will be reducing that as we go to various stand-
ards there.

It is important to look at the third row where we have that ex-
cess plus the background. This is key because the EPA is using a
linear model in the background that contributes 680 cases, more
than any of the elevated levels. This ozone background is prac-
tically impossible to address. So when you look at it then as a per-
centage change compared to the present standard, we see very
much smaller numbers.

What I think is very important from a policy standpoint is the
issue of all asthma admissions. We see these are something on the
order of 28,000 plus cases. Now when we look at what different
standards do in terms of the asthma cases, we see very small dif-
ferences.

To me, this is the kind of risk analysis that points to the fact
that the ozone standard-setting is really a policy call as to which
standard you select from the array of possibilities. That is the anal-
ysis that shaped my opinion on the ozone standard.

Before closing, let me comment briefly on the PM standard. I was
one of the two individuals on the CASAC who did not endorse a
PM, s standard. My position is that we do not have sufficient infor-
mation today. It is important that we understand the nature of this
standard. Attached to my testimony is a simple graph which shows
you that on the horizontal dimension we have the size cuts, if you
will. On the vertical, you will see the level or quantity. My view-
point is that we do not have enough information on the size charac-
teristics of material in the air, and we may be very likely setting
an inappropriate standard that will not yield health benefits.

Senator INHOFE. Thank you, Dr. McClellan.

I will start the questions. I think I will do it differently this time
and start with one individual and just concentrate on one at a
time.

Dr. Menzel, a lot has been discussed and a lot of emotion has
been stirred up by the media and the fact that ozone causes de-
creased lung function, with the greatest percentages being a de-
crease of 20 percent in lung capacity.

Are these cases permanent?

Dr. MENZEL. It is very difficult to say on an individual basis
whether they are permanent or not. On the other hand, a lot of my
research has dealt with the question of how permanent things
would be on a continuous exposure or intermittent exposure that
would mimic human effects. In those cases, in experimental ani-
mals where we can see the life term effects, it is a permanent, irre-
versible change.

Senator INHOFE. If you are experiencing a 20 percent decrease in
lung function, do you always know it?

Dr. MENZEL. No. As was mentioned by Dr. Lippmann, it is very
difficult for us to feel changes, unless we are at the later stage in
life or if we have a preexisting disease such as emphysema, bron-
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chitis, or asthma where we have a major decrease in lung function
to begin with. Then when we are down at that low level, any incre-
mental decrease would be appreciated in the way people can carry
out their lives.

Senator INHOFE. So there are many causes of this condition?

Dr. MENZEL. Yes, that is the whole problem. It is the plausible
biological explanation. In the case of ozone, we have one for short-
term effects. I was the guy who suggested it, but I don’t believe
that my theory, free radical reactions, actually applies to the long-
term chronic effect.

Senator INHOFE. Is there a level of ozone where there would be
no decreased lung function?

Dr. MENZEL. It is very difficult to say yes or no to that question,
and I don’t mean to equivocate. Obviously I am critical of existing
programs, so I am not afraid to say what I think, but the basic
problem is that the shape of the ozone response relationship is so
uncertain that we really cannot come to a conclusion. A conserv-
ative estimate would be a linear dose response saying that at any
concentration of ozone there is some change. But I don’t know
whether we can say that with any certainty.

Senator INHOFE. Dr. Thurston, in your Canadian studies that
you published in May 1994, you state that the ozone is responsible
for 21 percent of the hospital admissions for respiratory complaints.

Dr. THURSTON. During that period, that sounds roughly correct.

Senator INHOFE. You asserted that the study showed an increase
in hospital admissions during the months of July and August for
1986, 1987, and 1988 when the ozone exceeded the Canadian ozone
standard of 0.08 at that time.

Could there have been other factors that contributed to these ad-
missions, such as heat and humidity?

Dr. THURSTON. Heat and humidity is not a big problem in To-
ronto. It is much cooler there, right on the lake. We did, however,
consider that in the model. For that matter, when you look at asth-
ma, it is cold temperatures that are important to asthmatics. When
you have cold temperatures, that is when they react to tempera-
ture. Warmer temperatures would have to get well above what you
see in Toronto to start having any adverse effects.

Se;qator INHOFE. Did you control for such things as other pollut-
ants?

Dr. THURSTON. Yes, we did look at multiple pollutants. That is
one of the advantages of that study.

Senator INHOFE. I was kind of surprised to find out that if you
controlled for the wealth in your study—apparently there is a
study that was done that says that for every $10,000 decrease in
median income it had tremendous effects on this, such as an 18
percent increase in premature death, 15 percent increase in cancer
rate, 27 percent increase in lung cancer. It is kind of an interesting
thing I hadn’t thought of.

Did you control for that?

Dr. THURSTON. That is controlled for in the design. You see, each
person—in this case, a population is their own control—we are fol-
lowing the same population over time. So whatever their status
and wealth is, certainly, over the months we looked at them, it
didn’t change. What changed was the pollution levels. When the
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pollution levels went up, we found that there was a bump in the
admissions.

Dr. McClellan, one of the things I keep running into is that we
have had significant reductions in ozone levels over the last 10 to
20 years, yet we have had significant increases in the incidences
of asthma among children.

How would you react to that?

Dr. McCLELLAN. I think you have characterized it well, although
I would say that our ozone levels have not gone down as much as
we would like. But overall we have had very significant improve-
ments in air quality, as you all related at the opening of the ses-
sion.

Why we continue to see an increase in asthma is certainly un-
known. It is a situation of personal interest to me in that one of
my children is an asthmatic, yet having grown up in the clean air
of New Mexico. I know the wide variety of circumstances that will
trigger an asthma attack for him.

I think one of our major issues in terms of respiratory disease
and health today is that we simply do not know what causes asth-
ma. We have some interesting speculation and hypotheses in terms
of issues of indoor air quality. There have been suggestions re-
cently related to past immunization practices and how they may in-
fluence what is going on with regard to asthma.

The actual fact is that I don’t think anybody today has been able
to put forth a convincing basis for why asthma continues to go up,
but I certainly think that the basis of asthma in terms of air pollu-
tion simply isn’t there. The issue of air pollution and air quality
triggering asthma attacks is a secondary issue.

Dr. THURSTON. Could I comment on that?

Senator INHOFE. Certainly.

Dr. THURSTON. Yes, I basically agree. That study that was men-
tioned states what we understand now. It does not appear that air
pollution is causing this epidemic in asthma. However, as the num-
ber of people who have asthma rises, more and more people are
there who are especially susceptible to air pollution because of
asthma. So while air pollution doesn’t appear to cause new cases
of asthma, once people have asthma, then air pollution does aggra-
vate their asthma. As I mentioned earlier, exposure to ozone in-
creases asthmatics reactivity to things they would normally be re-
active to, like pollen. A physician might see someone come in and
do a skin test and determine that they had reacted to pollen. They
are unaware that perhaps yesterday, they were exposed to ozone,
which increased their sensitivity. That is why they reacted that
day, as opposed to another day.

Senator INHOFE. Dr. McClellan, I have one last question.

Even though this is an ozone panel, you have expertise in both
PM and ozone. If you were to remove all the pollutants covered by
this regulation, would you resolve the asthma problem?

Dr. McCLELLAN. No.

Senator INHOFE. Senator Sessions.

Senator SESSIONS. Dr. Thurston, would New York be one of the
better monitored cities as far as ozone level in the atmosphere?

Dr. THURSTON. It could be monitored better. It has a couple of
stations in the city.
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Senator SESSIONS. Is that an adequate number of stations for a
city like New York?

Dr. THURSTON. Ozone happens to be one of the pollutants that
happens to be widespread. One station is a pretty good indicator
of levels. Certainly if you know the levels are high at one station,
they are going to be high at another station, and low with low.

Senator SESSIONS. There doesn’t seem to be a lot of divergence
across town?

Dr. THURSTON. There is variability spatially within a city, de-
pending on what local sources are there and things like that. So
there is some, but they are highly correlated with one another. The
absolute levels may differ somewhat. You may get an exceedance
in one spot and be slightly below the standard in another. But a
high day is a high day across the city, and a low day is a low day
across the city.

Senator SESSIONS. With regard to your study of asthmatics in
New York with hospital admissions, do you agree with Dr. McClel-
lan that for policymakers the last line there is the best numbers
to use for an evaluation of the effect of ozone?

Dr. THURSTON. I am not sure I understand the question exactly.

Senator SESSIONS. There are various numbers, like on line two,
which are fairly dramatic. Line six shows modest variations, at
best, as to the ozone level.

Dr. THURSTON. I think that is really an indication that the stand-
ard being proposed is not that much more stringent than the exist-
ing standard. It is changing the form somewhat and is going down
10 percent, but allowing more exceedances. So that would probably
be a way you could show the least impact of pollution on people’s
health, if you want to look at it that way.

Senator SESSIONS. But that would be the most accurate, would
it not, as to ozone?

Dr. THURSTON. No. I think there are various ways to look at this.
One of them is the point that if you look, for example, at New York
or Rhode Island, where they are trying to improve the air, but they
are in violation—with the new standards of 8-hour, they would be
able to make quicker progress toward cleaner air because the air
being advected into the State will be cleaner to start with because
there will be more counties upwind that will be cleaned up. I think
we as a Nation will be able to make faster progress on ozone air
pollution and the benefit will be more widespread than this would
indicate because more counties would be influenced with these new
standards than under the existing standards.

Senator SESSIONS. It had the level in the analysis.

Dr. McClellan, do you think line six is the best analysis of the
effect of ozone on asthmatic hospital admissions?

Dr. McCLELLAN. I do. I think what is important for a policy-
maker like Administrator Browner is to focus on total asthma ad-
missions, the total problem, and now looking at what she has re-
sponsibility for, the ozone standard—how does it really influence
that? I think you look at total asthma admissions and you have to
say that it is a policy call. The variation in values for different po-
tential standards doesn’t drive you to one of those columns as a
standard that is clearly more protective of health. It isn’t there in
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that table. It is a policy call. You can’t use this to say that you are
driven to set the standard based on the health data.

Senator SESSIONS. Dr. Menzel, would you comment on that?

Dr. MENZEL. I agree with what Dr. McClellan has said. Perhaps
I couched my language a little too academically in my statement,
because that is basically what I was saying. If we try to make an
estimate of the difference in the health risk for different ozone ex-
posures, we are very uncertain because we don’t know the nature
of the risk relationship to ozone declines. Would it decline in the
ozone concentration—it is very difficult to come to a finite number,
or a bright line.

This discussion centering around asthma brings up the issue that
I really was hoping that I could encourage you to think about. That
is that air pollution, although it is a regulatory requirement of the
Environmental Protection Agency, it is a national public health
problem. Therefore, it needs to be attacked with a national kind of
approach. The National Institutes of Health really ought to think
more about air pollution. The National Science Foundation ought
to think more about the chemistry of air pollution. It isn’t EPA’s
problem. It is all of our’s problem.

Senator SESSIONS. Along that line, you have expressed some con-
cern about EPA. In your opinion, have they wisely used the re-
sources they have available to them?

I understand, Mr. Chairman, that appropriations were only
slightly less than requested last year for EPA.

Have they wisely used the resources they have to prepare for this
day that they knew was coming?

Dr. MENZEL. Let me say that EPA is a grossly under-funded
agency. If you look at what they have been mandated to do by the
Environmental Protection Act, and then compare that with the ap-
propriations they have been able to garner, it is just not enough
money.

So what have they done? This is a management decision that
other administrators have made over the years, which is to go from
here to here to here to here, shifting resources depending on the
deadline. I would submit to you that 5 years is really not a very
adequate time to gather the information we need for either ozone
or particulate matter. You are really looking at a 10-year research
program.

Senator SESSIONS. Dr. McClellan, do you have any comments on
that?

Dr. McCLELLAN. I would say the answer to that question is that
the scientific staff of EPA has done an admirable job with the re-
sources they have been allocated. The problem is that the dollars
allocated to research within the EPA are an inappropriate portion
of the total budget. EPA cannot label itself as a science agency
when it spends less than or approximately 10 percent of its budget
on research.

Senator SESSIONS. That is all they spend on research?

Dr. McCLELLAN. Yes, 90 percent of the dollars go to the promul-
gation of standards, their enforcement, and all the other activities.
But all of those activities are built on a science base that only gets
10 percent of the pie. That is not enough.
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So the problem is that we are still dealing with an Agency that
is a collection of fiefdoms—air, water, toxics—and we need some
leadership at the top that says we will have a science base under-
pinning all of this and at long last create the science that will lead
to science-based standards.

Senator SESSIONS. Thank you very much.

It is my observation that agencies do become bureaucratic and
fiefdlom dominated and that periodically they need to break
through that and ask themselves what their real mission is. Thank
you all very much.

Thank you, Mr. Chairman.

Senator INHOFE. Thank you, Senator Sessions.

Senator Lieberman.

Senator LIEBERMAN. Thank you, Mr. Chairman.

Dr. McClellan, let me say first—I don’t know that you meant to
personalize this, and I understand the appeal for more funding for
research because I support it—but it does seem to me in the years
that Carol Browner has been the Administrator of EPA, particu-
larly with regard to these proposed standards, that she and we to-
gether have tried very hard to be more science-based. Maybe we
could spend more money on the research, but we have asked EPA
to do an awful lot of things and they have made some research
judgments. We could disagree with them, but I do think the whole
tendency has been to focus it more on science.

Dr. McCLELLAN. Let me say that I certainly would not like my
remarks to be construed as relating only to Administrator Browner.
I think the situation has been true from the very beginnings of the
Agency. It is true whether we have had a Republican Administra-
tion or a Democratic Administration. We tend to take a linear view
of the budget process and the budget allocation. I think we need
to step back and really take a look at the bigger picture. That is
going to require help from all of us, certainly the Congress, the Ad-
ministrator, and the scientific community at large.

Senator LIEBERMAN. I appreciate that statement. There may be
disagreement among the panel here and the one before about these
proposed standards. There is agreement that we would only benefit
from more investment in research, and the amounts of money, rel-
atively speaking concerning the overall Agency budget let alone the
alleged consequences of various of these proposals, is minimal.

Talking about ozone now, there was a consensus on CASAC that
going from the .12 to .07 to .09 parts per million of ozone was an
appropriate range. You said that you decided within that range, al-
though you chose .09. Is that correct?

Dr. McCLELLAN. That is correct. We have two things going here.
One is the form of the standard going from a 1-hour averaging time
to an 8-hour. The fact is, in general across the country 1-hour and
8-hour are quite closely correlated. As several speakers have noted,
120 part per billion 1-hour average is roughly the same as 90 part
per billion 8-hour average. When I looked at it I think the commit-
tee was in total agreement on the appropriateness of moving to-
ward the 8-hour average, as being more health-relevant. Then the
EPA staff had proposed a range of 70 to 90. I was one of the indi-
viduals who said that 90 would be appropriate.
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Senator LIEBERMAN. But the CASAC consensus was that the
range of 70 to 90 was appropriate. Is that correct?

Dr. McCLELLAN. In fact, in terms of the panel, one individual
preferred a level of 90 to 100, three were at 90, one was at 80 to
90, three were at 80, two said it was a policy call, and no individ-
uals on the panel elected to advocate the 70 part per billion.

Senator LIEBERMAN. Do I derive from that that a majority of
those on the panel fell within the 70 to 90 range?

Dr. McCLELLAN. Yes. We basically said that the science doesn’t
lead you to say one of these numbers more appropriate than the
others. Basically we said that it was a policy call.

Senator LIEBERMAN. That is an important point. There was the
70 to 90 agreement as an appropriate range. In fact, Administrator
Browner chose 80, which was a policy call. Obviously you disagree
with it, but it was within the appropriate range. I guess that is the
point I was trying to make. She didn’t reach way outside the range.

Dr. McCLELLAN. No, that is absolutely correct.

Senator LIEBERMAN. On the sensitive populations—and I do
think it is important to clarify that we are talking about millions
of people here. There are millions of people who have asthma. One
of my kids has asthma. It is very real for them and for all of us
who are in their families or who are their friends. But I do want
to stress something that I think is very important.

Dr. Thurston made a point and I presume the two of you would
agree. No one here is saying that ozone causes asthma. So the in-
crease in asthma in our population—we don’t quite understand it,
but it is not from ozone. Is that right?

Dr. McCLELLAN. That is correct.

Dr. THURSTON. We don’t know what causes the development of
asthma.

Dr. McCLELLAN. The causal factor in the increase in asthma is
simply unknown.

Senator LIEBERMAN. Maybe you’re going to tell me that we don’t
know that it’s not caused by this.

Dr. MENZEL. I have written several papers on a theory that I
proposed that ozone is an underlying cause for pulmonary inflam-
mation. Therefore, it is a baseline kind of cause of inflammation.
So we don’t really know what that means in terms of the incidents
of asthma.

I would say that we also have to remember that there are not
only people who are asthmatic. People who have emphysema and
bronchitis and other kinds of interstitial fibrosis. These are all lung
diseases.

Senator LIEBERMAN. You had a very powerful sentence in your
prepared testimony, Dr. Menzel. Very compelling, controlled
human exposure experiments suggest that the current ozone stand-
ard, which is the 120 ppb, may be toxic.

Dr. MENZEL. Yes, that’s true. We may be faced with having to
make major reductions. I think the question of changing the fre-
quency may have greater impact than we think.

Senator LIEBERMAN. My point here—and I think most of you
would agree—I think we are saying that ozone exacerbates asthma
for hsome of those who have it. We are not saying that it causes
asthma.
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Mr. Chairman, I have one final question.

Dr. McClellan, am I right in reading that chart to say that the
new standard proposed by the Administrator would result in be-
tween a 13 and 44 percent reduction in ozone-related admissions?

[The two referenced charts follow:]
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Dr. McCLELLAN. There is actually not a value on there that ex-
actly corresponds to what she has proposed. EPA staff here could
correct me on this, but I think it would be an 8-hour three
exceedance form at 80. That is not there. But probably something
in that 10 to 12 percent would be it.

Senator LIEBERMAN. Again recognizing that we may not be able
to do anything about background levels of pollution, doesn’t it
make sense to help the people that we have some ability to help?
In other words, if there is that range of hospital admissions result-
ing from changes in the standards—13 to 44 percent is what I read
in your prepared testimony is a significant reduction.

Dr. McCLELLAN. We can do a lot with statistics and numbers.
We probably need to go up to the excess admissions line up there
and take a look at the 120 under the 8-hour five exceedance, 80
ppb and say that we are looking at that 120 versus the 385 as is,
versus the 210. But at the same time, keep in mind that the back-
ground of 28,000 cases out there. One of the things we better be
doing is making certain that we are looking at the real issue: What
are the factors that truly cause asthma? We need to get away from
this single pollutant finger-pointing approach to it and look at the
fact that today environmental diseases are multi-factoral and we
should neither overstate or understate what the impact of a par-
ticular standard will do.

Senator LIEBERMAN. I have one last question, Dr. Thurston.

Since this chart comes from work you have done, I note in your
testimony that you have some questions and criticisms about the
use of this—including EPA’s use—because it fails to consider hos-
pital admissions for other respiratory effects, such as bronchitis or
pneumonia. Therefore the risk assessment may be understated by
a factor of two.

Can you comment on that?

Dr. THURSTON. This only considers asthma. But in our studies
we also looked at total respiratory. When you look at various
cities—not just rely on one city—basically what we find is that the
total respiratory effect is about double that of asthma alone. So you
can basically take all these numbers and double them. That would
give you a better picture.

Senator LIEBERMAN. Total respiratory effect of ozone?

Dr. THURSTON. Yes.

You have all seen this before. I am looking at this for the first
time and it is a little confusing at first. One of the things it is miss-
ing here is how it varies from our present situation. We really don’t
see what we have from the present standard. We are not now
meeting the standard.

It’s difficult to make the point without first looking at these num-
bers. Maybe I could respond to it in writing later. Could I do that?

Senator LIEBERMAN. That would be fine.

Dr. THURSTON. The point is that we really have slowed down in
our progress on ozone. Part of the problem is that we are looking
at it as a 1-hour peak. Therefore, we have these little pockets
where we are regulating it. If we go to an 8-hour standard, we are
going to have a more realistic perspective, which is that this is
really a national problem that needs to be addressed in a national
way. If we do that, we are going to make progress much more rap-
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idly than we’ve been making it because it is a team effort. There-
fore, this new standard would get some new credit out of the reduc-
tions from “as is” down to the standard, not just compared to the
present standard that we are not meeting and this new standard.
It is not much of a tightening. The big difference is the way it is
going to be implemented.

Senator LIEBERMAN. Everybody seems to agree that the move to
the 8-hour standard is appropriate.

Thank you, Mr. Chairman.

Senator INHOFE. Thank you, Senator Lieberman.

Senator Chafee.

Senator CHAFEE. Perhaps the panel could explain this very busy
chart up there, but let me see if I've got it.

I don’t number the first column, and there are after that nine
columns. Unfortunately, the numbers aren’t under them.

Let’s look in the last column—and I will zero in on you, Dr.
McClellan. Is this your chart?

Dr. McCLELLAN. This is a chart which was included in the
CASAC Committee’s closure letter to the Administrator.

Senator CHAFEE. You made the mistake of making eye contact
with me—something we always avoided in law school—so I am
calling on you.

[Laughter.]

Senator CHAFEE. The total admissions in New York City on an
annual basis due to asthma is 28,470.

Dr. McCLELLAN. That is correct.

Senator CHAFEE. If you look at the top of that column, that col-
umn is under excess admissions—if you look way over to the left—
the excess over what? As I understand, it is excess over what there
would be if there were no industrial pollution.

Dr. McCLELLAN. If there were no ozone, a situation that cannot
occur. It has background ozone in it.

Senator CHAFEE. So you would reduce those admissions by 385,
right?

Dr. McCLELLAN. Yes, but we would still have 680 attributable to
the background ozone, the level which EPA has said is background.
That is 40 ppb. Above that we have 385 cases.

Senator CHAFEE. Set aside the background because I think all of
us agree that none of us can do anything about the background.

Dr. McCLELLAN. OK.

Senator CHAFEE. I am trying to get clear in mind just what we
are dealing with.

If you then go to—I am always staying on that top line—first
what we’re saying is that if there were no industrial pollution—for-
get the background—you would reduce the number of admissions
to hospitals from 28,470 by 385 per year. Now we go way back to
column one, always staying on the top line. We are dealing with
excess admissions.

Because they are not meeting the current—if they met the cur-
rent standards, they would reduce the number of admissions by
210.

Dr. McCLELLAN. They go from 385 down to 210.

Senator CHAFEE. We are talking reductions of admissions?
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Dr. McCLELLAN. Your reduction would be the difference between
385 and 210.

Senator CHAFEE. In other words

Dr. McCLELLAN. A lawyer once advised me to never do simple
arithmetic in a hearing or courtroom. But I will agree that it is
probably 175.

[Laughter.]

Senator CHAFEE. But now let’s go over to what EPA recommends,
which is the next to last column. Are you with me? That is 8H5X.
I believe that is what EPA is recommending.

Dr. McCLELLAN. It is the appropriate number, 80 part per bil-
lion, 8-hour averaging time, but here it is five exceedances and the
Agency has recommended three. But it is close.

Senator CHAFEE. We can call the next to last column what EPA
is recommending?

Dr. McCLELLAN. Right.

Senator CHAFEE. If EPA’s recommendations went into effect, you
would find that the excess admissions over perfection would be 120.
Am I correct?

Dr.dMCCLELLAN. That is correct, when that standard was at-
tained.

Senator CHAFEE. Am I missing something here, or are we really
dealing in very, very minor improvements to the health of the citi-
zens of New York City. There are 28,000 admissions currently. If
everything were perfect, we would reduce that by 385 per year.

Dr. McCLELLAN. I think you have grasped the point.

Senator CHAFEE. If EPA’s proposed standard went into effect, we
would reduce those admissions not by 385 but by 120.

Dr. Thurston.

Dr. THURSTON. The difference would be 385 minus 120, if I am
understanding this. So the couple hundred you would reduce, you
would have to multiply that by two if you want to consider other
people who have respiratory disease. I guess it comes down to
whether or not you are one of those people as to whether it is im-
portant.

Senator CHAFEE. I think we have to put this in some context. It
is all right to say that we don’t consider expenses. But indeed we
do. Dr. McClellan is active in water matters. When we did the Safe
Drinking Water Act we provided for the small communities so that
‘(uih(eizy didn’t have to meet the same standards the large communities

id.

As you recall, we passed that unanimously out of this committee
and the floor of the Senate. It is now the law. All I am trying to
do is to get straight in my own mind that for an investment of sev-
eral billion dollars, and in meeting the EPA standards, we are re-
ducing the number of admissions over what there would be—if
there were no problem—by 120. Meanwhile, there were 28,000 ad-
missions for asthma.

Am I on the right track, Dr. Thurston? Where am I going wrong?

Dr. THURSTON. I think we are here to get to the truth, and that
is why I am here.

The point is that asthma is a big problem and respiratory disease
is a big problem. We as a Nation have said that we are going to
protect people from adverse effects of air pollution. In other words,
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there are lots of causes of asthma, and most of them we can’t do
a darned thing about. But this happens to be one that we can.

Senator CHAFEE. We can do very little about it.

Dr. THURSTON. I am saying that this particular pollutant we can
do something about. There is a law against these people being ad-
versely affected.

I wish you could have been at that camp with me when the chil-
dren had their asthma attacks. They don’t show up in these statis-
tics. Children who have asthma attacks don’t all end up in the hos-
pital, but their effects are very serious.

Senator CHAFEE. I certainly will agree and I want to associate
myself with what the chairman said when he opened the meeting
here. He said that every single one of us want to attain clean air
in this Nation. I have 11 grandchildren and many of them are in
Rhode Island.

Dr. THURSTON. I also have family in Rhode Island.

Senator CHAFEE. There is no question that we are concerned. But
I do get back to what Dr. McClellan said. Will we get the “biggest
bang for the buck?” A very expensive undertaking has been pro-
posed to meet the new standards suggested by the Administrator.
From what I see in this chart, you reduce the hospital admissions
by a tiny percentage of the total admissions.

Dr. McCLELLAN. That’s what it says, and these are calculations.
There are a lot of assumptions built in here. There is a linear
model of ozone exposure-response that goes down to background.
But I think the chart is very valuable in providing perspective. I
think your questions helped illustrate the kind of perspective one
needs to draw from this and to recognize that in setting the stand-
ard the Administrator has made a policy call. It is not one that is
driven to a particular answer by the science.

Senator CHAFEE. Thank you very much, Mr. Chairman. I know
we have another panel and I want to hear them.

Senator INHOFE. We are back on schedule, not due to the dis-
cipline of the witnesses or the Senators, but that we are dropping
our numbers.

[Laughter.]

Senator INHOFE. Dr. Menzel, did you want one last comment?

Dr. MENZEL. Yes, Mr. Chairman.

When I made that comment in response to the question about
whether EPA was doing a good job in husbanding its resources, 1
may have been impolite there. I really did not intend to infer that
it was personalized with Administrator Browner. I hope the com-
n}oittee will understand that. It is the culture that I am talking
about.

Senator INHOFE. I thank all three of you for taking time out of
your schedules to come and testify.

Senator INHOFE. I would now ask our third panel, which is the
PM panel—even though we have been transgressing back and
forth—to come to the table. I would like to welcome Dr. Anne
Smith, vice president, Decision Focus Incorporated; Dr. dJoel
Schwartz, associate professor of environmental epidemiology, De-
partment of Environmental Health, Harvard School of Public
Health, Harvard University; and Dr. Ron Wyzga, target manager,
health studies, Electrical Power Research Institute.
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We will start with Dr. Smith.

STATEMENT OF ANNE SMITH, VICE PRESIDENT,
DECISION FOCUS INCORPORATED

Dr. SmiTH. Thank you, Mr. Chairman.

My name is Dr. Anne Smith. I am a vice president of Decision
Focus Incorporated. I have 20 years of experience in environmental
risk assessment and risk management and a Ph.D. from Stanford
University. I have contributed substantially to a number of major
air quality policy assessments over the years for EPA, the Grand
Canyon Visibility Transport Commission, and for industry organi-
zations. I am honored to have this opportunity to speak with you
today. My statement here reflects my personal opinions and not
those of my company or any other group.

I compare the situation for PM to the classic shell game. I think
that in trying to control the true culprit with PM, we stand the risk
of turning over many shells while we try to get at the culprit, and
yet get no particular benefit from public health. I will explain why.

There are a number of statistical or epidemiology studies we
have been hearing about. These indicate that as ambient PM go up
and down, so do health effects. However, when you observe two
types of data going up and down together, this doesn’t necessarily
mean that we have a causal relationship, even if it is statistically
significant. For example, if we were to discover an association be-
tween heat stress mortality and ice cream cone sales, we wouldn’t
conclude that we have a causal relationship here, even if it was
statistically significant. The error in that conclusion would be obvi-
ous to us because we have a very good understanding of the biologi-
cal processes for heat stress.

This type of biological understanding does not exist at this mo-
ment for PM. EPA’s peer reviewed criteria document tells us that
there is no knowledge of the mechanism, no credible supporting
toxicological evidence, and no compelling argument for biological
plausibility. It is easy to make big mistakes when you are relying
on statistical significance alone. Hence, the criteria document con-
cludes that “much caution is warranted” in using these statistical
findings for estimating risks.

How much caution? Recently I did some numerical experiments
to explore the likelihood that several specific types of data prob-
lems mentioned by EPA could cause significance. To be brief, I
found plenty of cause for caution on my own.

The truth is often the opposite of the statistically significant re-
sult when there are data problems that are found in all of these
studies. PM may not be causing the mortality at all that is being
shown in these studies. Other air pollutants, such as carbon mon-
oxide or ozone, could be the real culprit as well as PM. Presently,
there seems to be insufficient recognition of the magnitude of this
particular uncertainty for PM.

So, what if you could be convinced that there is a fine particle
effect? Then would a PM, 5 standard be sufficient for health protec-
tion? No. The shell game analogy still applies here.

Look at what PM.s consists of. Unlike any other criteria pollut-
ant, PM is made up of many different types of components and
they are from many different types of sources. Even if we believe
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the problem stems from PM, we still don’t know which components
might be potent, so we don’t know which sources to control to get
at the culprit. Statistical studies do not help us narrow down the
liﬁt of likely culprits. They just don’t have the relevant data to do
that.

Biological hypotheses exist and they do not help us much either
in deciding what to control because each one suggests a different
set of control actions would be necessary to protect public health.
For example, some think the problem might be from a type of par-
ticle called the ultra fine. These are about 100 times smaller than
the typical particle accounted for in PM.s. Science tells us that if
we want to reduce human exposures to ultra fine particles, then we
need to apply controls to local sources, such as gasoline-fired auto-
mobiles.

But another hypothesis is that there is an effect caused by the
accumulation of particles in the lungs. If we believe this hypoth-
esis, then protection would require controls on only non-soluble
types of particles such as soot and road dust, a totally different set
of sources.

There are many more hypotheses about potential culprits. It
seems unlikely that all of them would be valid. So we don’t really
know what to control. I want to make it clear that this is not like
the situation with tobacco smoke, where there is a single control
action—quitting—that is sufficient to control all the constituents.
Thus we can get certainty that we will control the still unknown
culprits in tobacco smoke.

How has EPA communicated these uncertainties to the public?
Despite clear warnings against it in the criteria document, EPA’s
risk and its benefits estimates use the statistical results as if they
can be accepted at full face value. In the case of the benefits range
you have heard from $58 billion to $120 billion a year, recognition
of uncertainty has devolved down to using two point estimates from
only two individual studies. The benefits range does not reflect the
uncertainty in whether PM is the causal factor. The benefits range
does not reflect the uncertainty about which type of fine particle
might be the culprit and whether those types might be controlled
under a fine particle standard.

These and other very significant certainties have simply been
presumed away. Thus the billions of dollars of benefits estimates
are much more uncertain than EPA has indicated, and in fact could
be very small—perhaps even zero.

I am not suggesting years of delay. I think we could have more
complete communication to the public of uncertainties, and more
complete consideration of how alternative approaches to regulating
could deal with these uncertainties.

Thank you.

Senator INHOFE. Thank you, Dr. Smith.

Dr. Schwartz.

STATEMENT OF JOEL SCHWARTZ, ASSOCIATE PROFESSOR OF
ENVIRONMENTAL EPIDEMIOLOGY, HARVARD UNIVERSITY

Dr. ScHWARTZ. Thank you, Mr. Chairman. And thank you for in-
viting me.
I would like to summarize my remarks.
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Senator INHOFE. Without objection, your prepared statement will
appear in the record.

Dr. ScHWARTZ. I would like to make several points. First, EPA
is in fact not out on the science in the proposed standards, but ac-
tually lags behind the conclusions of many governments in western
Europe and international scientific bodies. The cautions and argu-
ments you have heard put forth have all been considered and made
before and been considered by these bodies in leading to the conclu-
sions that they did. Second, there is evidence that fine combustion
particles from all the major choices are in fact associated with
these health endpoints. I will explain that. Third, there actually
are recent toxicological findings which confirm the epidemiology
findings in considerable detail. Fourth, moving to a PM,s standard
is appropriate and hasn’t been made before.

You have heard about the size of these particles. Particles less
than 2.5 microns are predominantly from combustion—from burn-
ing things, cars, industrial processes—what we classically think of
as pollution. The bigger particles are wind-blown dust. So the ques-
tion is, Should we focus our controls on dust, or these combustion
particles?

In terms of the scientific consensus, more than a year ago the
British government’s version of CASAC reviewed the evidence on
particles, concluded that there was a causal association with mor-
tality, and recommended that the British government set a new
particle standard, which is one-third of the current U.S. particle
standard. They wanted a PMg level of 50 on a 24-hour basis to cor-
respond with 30 at PM5s.

Second, as you have already heard from Dr. Lippmann, the
World Health Organization has developed a criteria document on
particles. They have concluded that this is a causal association
after examining all the evidence and have drawn up, in fact, dose
response relationships that they have recommended that people
use to estimate how many lives will be saved at various different
standards. Those folks suggest that indeed there are tens of thou-
sands of early deaths that would be avoided per year by the pro-
posed EPA standards.

The Swiss government has just conducted their review and has
again recommended a standard that is one-third the current U.S.
standard. These are substantial tightenings.

Dr. Wolff talked about the 24-hour standard. I think the annual
average for PM5s is actually much more important. It seems to me
that that was a critical part of the staff paper that was approved
by CASAC when they voted to approve the PM,5s standard. It was
with accepting, by their majority vote, the range of 12 to 20. EPA
has picked a number of 15, which is in the range that has been ap-
proved.

In terms of which particles matter, we have a lot of information
on this because studies have been done in a lot of different places.
In the northeast, the dominant source of fine particles are in fact
sulfates. We see lots of studies showing association with fine par-
ticles or with particles or with sulfates directly. So it appears that
sulfates are associated with these adverse health effects. They are
one of the particles that matter.
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On the other hand, in Santa Clara, CA, there essentially are no
sulfates in the air in the winter. It seems to be wood smoke, and
they still found results. Other studies have been done in places
where the dominant source is gasoline or diesel engines.

In terms of toxicology, Dr. Godleski at Harvard has done a study
exposing animals to concentrated particles from the Boston air for
3 days in an average concentration under 100 micrograms. That is
permissible under current EPA standards. Little happened to the
healthy animals, but 37 percent of the bronchitic animals died after
3 days of exposure to permissible concentrations of fine particles.
So we know that fine particles can kill animals at relevant con-
centrations that are seen today when they have illness.

On the other hand, 10,000 micrograms per cubic meter of dust
of coarse particles from Mount Saint Helens had no effect in epide-
miology studies that were done following that eruption. So we
know that focusing on the fine particles is where we need to put
our attention.

Finally, there are other toxicology studies that have taken Wash-
ington, DC particles, separated into fine and coarse, instilled them
into the lungs of animals, and there was substantial toxicity from
the fine particles, but not from the coarse particles. This confirms
that particles can have a toxic effect, which supports the epidemiol-
ogy, and also suggests that it is the small ones that matter. There
are also studies using data from Mexico City and elsewhere.

Last, I would like to provide one other piece of evidence. This has
to do with the issue Dr. Wyzga will raise about measurement error
in coarse particles. There is also measurement error in fine par-
ticles, though it is less appreciated, because the volatile ones dis-
appear from the filters. But if you average your measurements over
long periods of time, these day-to-day fluctuations tend to average
out. I have provided you with two pictures at the back of my testi-
mony from a study published last year—using data from that
study. One shows the percent of children in the 24 city studies with
abnormal lung function, controlling for individual risk factors, plot-
ted against the fine particle concentrations in those towns.

Fortunately, the fine particle concentrations and coarse particle
concentrations didn’t correlate that high, so you can do the same
plot for coarse particles. For the fine particles, the percent of chil-
dren with abnormal lung function triples as you go from low to
high. For the coarse particles, there is no association at all.

Thank you.

Senator INHOFE. Thank you, Dr. Schwartz.

Dr. Wyzga.

STATEMENT OF RON WYZGA, BUSINESS AREA MANAGER, AIR
QUALITY, HEALTH AND RISK STUDIES, ELECTRIC POWER
RESEARCH INSTITUTE

Dr. Wyzga. Thank you.

I am Dr. Ronald Wyzga. I work at the Electrical Power Research
Institute in Palo Alto, CA. By training, I have my doctorate in bio-
statistics from the Harvard School of Public Health.

I have undertaken research in this area for many years. I am
going to give you my personal views, which do not reflect those of
my institute nor of any of my associates.
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I agree with Joel and others that there are many positive studies
that show a statistically significant association between health
endpoints and exposure to particulate levels. I have undertaken
many of these studies myself, and my institute has funded many
of these studies. The key question is, Do we have enough evidence?
Or do we really believe that if we were to reduce particulate levels
in today’s environment, would there be public health benefits?

I think the correct answer to that is that no one really knows.
Let me tell you why. We have all these positive studies, but we
have to temper them with several factors.

First of all, there are negative studies. We need to include these
and mention these as well.

Second, recently there have been

Senator CHAFEE. There are negative studies showing that the
other studies aren’t accurate?

Dr. WyzGA. There are studies that find no association between
health endpoints and exposure to particulates.

There is another set of studies that have taken studies that were
originally positive that have reanalyzed them and have come to the
conclusion that we cannot say that particulates are responsible for
those health endpoints. These studies have been funded by a wide
variety of institutions from EPA to private industry. So we are
looking at a whole range of individuals who have reanalyzed these
data sets.

Third, there is really no one correct way to analyze a data set.
These are very complex data sets and there are lots of different sta-
tistical methods that are appropriate that can be used to analyze
these. Since we can’t say what’s right, it basically gives people a
lot of flexibility in the tools they use in analyzing a data set. Let
me say that even in some recent work we have done we use some
of these tools and we get some remarkably silly results.

Fourth, we really can’t say if it is particulates or some other
agent in air pollution that is associated with health outcomes in
these studies. Lots of pollutants occur at the same time. It is very
difficult to pinpoint which one is causing any specific health effects,
if it is one pollutant in particular.

We have a curious disconnect between the personal exposures of
people to particulates and what is measured with the ambient
monitor. We need a better understanding of how what we are per-
sonally exposed to relates to what is measured out there.

EPA, in its proposal, says that there is no accepted biological ex-
planation of the results of the statistical model.

I firmly believe that when you look at the data, regardless of how
you look at the existing data, and you compare what we know
about the health effects of PMio and the health effects of PM5s, you
see absolutely no advantage for PMzs.

In summary, I see our situation as very much akin to the solving
of a jigsaw puzzle. We are looking for the picture that the puzzle
is going to tell us. We have some of the pieces, such as positive
studies, that are suggesting that there is something going on here.
But we have some missing pieces; for example, the biology. We
have other pieces that don’t seem to fit, the negative studies, the
studies that contradict each other, the apparent disconnect between
personal exposure and what is measured at the monitoring station,
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the fact that it is difficult to disentangle the different pollutants.
All of these pieces are there as we scramble to understand what
we can see.

I don’t know if when we look at the finished product—are we
going to see that there are particulate effects on health? Are we
going to see that these associations are part of an illusion? Or are
we going to learn that something completely unexpected is
occuring, something that we have no knowledge or foresight today
of what the answer is going to be?

Senator INHOFE. Thank you, Dr. Wyzga.

Let me start with Dr. Smith.

I know I have learned a lot in the last 3 hours. Can you explain
to me the biological mechanism for PM, 5?

Dr. SmiTH. What I have stated comes straight from the criteria
document. There is no plausible biological mechanism that has
been——

Senator INHOFE. Would you say that more studies are needed to
determine what the mechanism is?

Dr. SMITH. Yes, that’s right.

Senator INHOFE. About how many different substances are there
at the size of PM>s?

Dr. SmiTH. There are maybe about six different categories of dif-
ferent types of chemicals. They all come from quite different
sources. One of the key categories would be sulfates, which come
from mainly coal burning. Another key category would be nitrates
that come from NOX emissions, which come from many combustion
sources, automobiles, and power plants——

Senator INHOFE. There are many?

Dr. SMITH. There are many.

Senator INHOFE. Would it be conceivable that a community could
protect itself or control a substance such as nitrates only to find
that 5 years from now or 10 years from now it has no effect on the
results that we have been looking at today?

Dr. SmITH. Right. That is the essence of what I was trying to say.

Senator INHOFE. Dr. Schwartz, I understand that your studies
were primarily what the EPA was relying on when they came up
with their recommendations. Therefore, your testimony is very im-
portant. I understand that some of your critics—some of the sci-
entists who disagree with you—have not been able to get access to
some of your data.

I have to say this critically of you, Dr. Schwartz, because we
have a rule in this committee that we explain to all potential wit-
nesses that we want the testimony to be submitted 48 hours before
the appearance, which would have been at 9 o’clock on Monday. We
didn’t receive your’s until this morning. The reason that is signifi-
cant is that we do take the testimony and we read it, our staff
reads it, and it gives us an opportunity to study it prior to the
meeting. It puts us at somewhat of a disadvantage.

Dr. ScHWARTZ. I understand that. First of all, I faxed it to the
committee yesterday afternoon. I don’t know why you didn’t get it.
I gave it to my secretary with the fax numbers. In terms of why
it was yesterday rather than earlier, I was asked rather late in the
game to come down here and testify, and I didn’t have a lot of time
to prepare my testimony.
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Senator INHOFE. Dr. Schwartz, you were asked at the same time
as everyone else. In fact, I believe Dr. Menzel was asked after you.

I only say that because there is a reason for this. I think on fu-
ture committees we are really going to adhere to that.

On your six-city study—I think this is probably the principal re-
search upon which the EPA has made its recommendation—at
least I have been told that and I saw a document here that leads
me to believe that—there are so many variables. As a general
statement, don’t you think that a scientist’s prejudgment can come
in by how they weight the variables that are out there?

Dr. SCHWARTZ. I certainly think it is true, as Ron said, that dif-
ferent people analyze data differently. That is one of the reasons
there is a CASAC review process. In the course of spending a year
in CASAC and a year before that in criteria document workshops
going over all the issues and how they are analyzed, people start
to come to some consensus about what is appropriate. First of all,
my paper went through CASAC review and they could have told
EPA to ignore it because it wasn’t appropriate. But also some of
the methods I used to control for weather and other things were
things that were getting favorable reviews in the CASAC review
process.

But I would not say that my paper was the basis of the decision
to go to PM2s. There are other studies, like Dr. Thurston’s epidemi-
ology study in Toronto, which also shows that coarse mass is not
predictive of hospital admissions, but the fine particles are, as well
as the toxicology studies where we see that the coarse particles are
not toxic to animals’ lungs, and the fine ones are.

Senator INHOFE. It is my understanding that the National Insti-
tute of Statistical Sciences reexamined your Birmingham study and
controlled for humidity and got different results. I have a few other
examples, too.

I understand that can happen with anyone’s study. I understand
it more now than I did 3 hours ago.

Dr. Wyzga, you were the last one to testify. I want to go back
to the first one to testify, Dr. Wolff.

Senator INHOFE. Senator Chafee.

Senator CHAFEE. Sorry to butt in, Mr. Chairman. I really have
to go, but I wanted to ask one question to Dr. Schwartz.

You refer to the Godleski study at Harvard. When was that? The
only reason I am asking is that I believe it is rather recent.

Dr. ScHWARTZ. That was presented last May at the annual meet-
ing of the American Scholastic Society, as was the study on the fine
versus coarse particles from Washington.

Senator CHAFEE. Dr. Smith, when you looked at the criteria doc-
uments, I understand quite clearly that it is a stack of documents.
Do you know whether the Godleski study was in there?

Dr. SMITH. It was available in abstract form at the time the cri-
teria document was published. As far as I know, I have not been
able to get a hold of anything in any more detail. And there are
a number of considerations and concerns associated with that. But
the results were known at the time the criteria document was pub-
lished.

Senator CHAFEE. Mr. Chairman, I want to join you in saying——
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Dr. ScHWARTZ. Dr. Godleski made a detailed presentation to
CASAC of the results of that study and went into it in great detail
and was asked questions.

Senator CHAFEE. Mr. Chairman, I want to join with you in
thanking this panel and the others for coming here. We greatly ap-
preciate it. As Senator Hutchinson said, this is a very complicated
subject. We are all learning and you have greatly increased our
knowledge.

Thank you very much.

Senator INHOFE. Thank you, Mr. Chairman.

Dr. Wyzga, I know you were here when I was speaking to the
first witness, Dr. Wolff. I am trying to sort this out and get it to
something that we understand as people who are not scientists.

You talked about a couple of factors. You had your risk factors.
I think it was Robert Temple who said that my basic rule is that
if the relative risk isn’t at least three or four, forget it. This I un-
derstand is somewhere around 1.0 to 1.2 percent and that there is
no identifiable biological mechanism for PM.

We are looking at two very significant bottom line things here.
Would you comment as to Dr. Wolff's answer and as to whether or
not you agree with that?

Dr. WyzGA. Basically what we are talking about here is relative
risk in the order of 1.05 to 1.07, which is really minuscule. What
worries me is that given the tools that we have and the data we
have, are we perhaps even biasing ourselves and getting some rel-
atively silly answers?

One of the things I have done recently is to take some very un-
like data sets and I am getting very surprising results. If I use the
same models that relate particulate air pollution to health, I can
explain the number of deaths each day in San Jose, CA, by Phila-
delphia air pollution mortality data. I can take the number of
deaths each day in the United States and explain those using the
same techniques with Philadelphia particulate data. I can take the
number of births each day in the United States and I can explain
those with Philadelphia total suspended particulate data.

These results are silly and make absolutely no sense. I don’t un-
derstand them. One of the things I need to do is to try to find out
why I am getting these silly results. Does it mean that we are
really doing something inherently wrong? Does it mean that some-
how Philadelphia particulate data are the key to the world? Or
goe% it mean that I just happened to fall upon a very strange arti-

act?

I don’t know, but it is something that really disturbs me, particu-
larly when I see these very small relative risks.

Senator INHOFE. Thank you, Dr. Wyzga.

Dr. ScHwARTZ. May I respond to that?

Senator INHOFE. Sure.

Dr. ScHWARTZ. On the issue of small relative risks, I think we
have to realize that it is 1.07 and that certainly could be a matter
of concern to people. That is why it is important to try to look at
multiple studies as well as at animal studies. But it is also impor-
tant to know that when you look at very common health outcomes,
that is where you tend to see relative risks. You don’t see relative
risks to dying of heart disease, because 40 percent of the popu-
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lation dies of it. It is pretty hard to have one risk factor that makes
you four times more likely than that.

In fact, the relative risk of having a heart attack for a blood pres-
sure of 95 compared to a blood pressure of 85 is 1.1. Yet we have
one-third of the adult population taking anti-hypertensive medica-
tion because we think it can lower their blood pressure by 5 to 10
millimeters and produce that change. So it is certainly the case
that when we look at common outcomes there are plenty of things
that have relative risks in those ranges.

fSenator INHOFE. I have one last yes or no question to all three
of you.

You heard me read the magazine article from Science—and I as-
sume that is a credible publication—“Since there is no identifiable
biological mechanism and the risk factors are so low, are these
studies less than stunning results?”

Dr. Smith.

Dr. SmiTH. I think I would like to go to EPA’s own quote from
the criteria document, which refers to the same circumstances.
“Much caution is warranted in using these results.

Senator INHOFE. Dr. Wyzga.

Dr. WyzGA. I think these studies raise a concern, but it is totally
unclear to my mind if the concern is about particulate matter or
some other pollutant, or some other factor.

Senator INHOFE. I knew we wouldn’t get a one-word answer.

[Laughter.]

Senator INHOFE. And I know we won’t get it from Dr. Schwartz.

Dr. SCHWARTZ. Given the wealth of studies and the ranges that
have been reported for different outcomes that the conclusions of
the World Health Organization panel that these are likely causal
associations is a warranted one.

Senator Sessions.

Senator SESSIONS. Dr. Schwartz, with regard to the Birmingham
study, you did not include the humidity in your report, did you not?

Dr. ScHWARTZ. In that study, no. I haven’t seen humidity being
put in lots of other studies. Frankly, I am sure these people get a
different answer than I do. I am not sure that the only difference
between our analyses is controlling for humidity. I suspect it is due
to other things because other people I talked to also don’t tend to
see important effects of humidity.

Senator SESSIONS. The point is that they used your studies.
When they just applied and factored in the humidity that was
present during the days in question, they got no difference and no
adverse effects from their conclusion of your very own study.

Do you dispute that?

Dr. ScCHWARTZ. I haven’t examined in detail what they have
done. If they tell me that they did something and those are the re-
sults, I believe them. Then people could look in detail at what they
did and what I did and decide what they think.

Senator SESSIONS. We are all uncertain about a lot of things. I
guess it would be fair to say that you can’t be certain whether hu-
midity did or did not have an effect. Is that correct?

Dr. ScHwARTZ. That’s correct.

Senator SESSIONS. Dr. Smith, you mentioned a cost factor of bil-
lions of dollars that might be involved in the air. I know we aren’t
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supposed to talk about that, but it seems to me that we could think
in terms of billions of dollars being spent on asthma research might
save more asthmatics than billions of dollars on this.

Do you have any thoughts on that? Have there been any studies
on that kind of thing?

Dr. SMmiTH. I haven’t really followed the studies on research for
asthma, per se, but there is always a question in any policy debate
as to whether the dollars could be spent more effectively in another
manner. I have not tried to address that. My comments are more
aimed at the need to consider alternative ways of setting a stand-
ard so that we can get a higher chance of getting at whatever the
culprit is.

Dr. Wyzaca. Could I add one thing to the asthma question?

Senator SESSIONS. Yes.

Dr. WyzGA. One of the things that concerns me is that there is
general acknowledgement among the community of pulmonol-
ogists—in fact it is acknowledged in the EPA’s proposal—that if
there is an effect of asthma on asthmatics, it is the coarse particles
deposited in the upper airways. What is curious—and EPA then
calculates how many asthmatic attacks can be saved and admis-
sions to hospitals—the larger fraction would be regulated under
PMio. What is proposed is a relaxation of PMio. There could be five
times as many days in which the current PM standard would be
violated under the new proposal than under the existing ones. So
if these asthma effects are real, and if we want to protect
asthmatics, what is being proposed is not the answer.

Senator SESSIONS. Dr. Schwartz, you mentioned the ultra fine
particles. Do you have any feeling that there is any distinction be-
tween the size of the particles and the adverse health effects,
whether it might be 1.5 particles that really cause the damage
rather than the 3.0 particles? Do you have any knowledge?

Dr. ScHWARTZ. That is a good question, Senator.

I am relatively convinced that the particles larger than 2.5 mi-
crons—which are dust particles basically—are not important for
most of the health effects. It is possibly important for asthma, but
even there I am not sure. But for everything else, I am relatively
convinced that that is not what matters. It is really the combustion
particles that matter.

Combustion particles are less than 2.5 microns, but mostly they
are less than 1 micron in size. Ultra fine particles come right off
the combustion process. You get these very, very small particles
and then they agglomerate up and tend to get bigger. They tend
to grow up to things that are around .3 microns in size, roughly.

The other major source of particles comes from combustion, but
it doesn’t start out as a particle. Sulfur dioxide will come out of a
smokestack, power plant, or whatever, travel downwind and react
in the air to form sulfates, which are particles that react with am-
monia and you get ammonium sulfate. That is a particle. Those
tend to be a little bigger. They tend to be around .7 microns. But
most of them are less than 1 micron in size.

I think that yes indeed probably the stuff we are talking about
is less than 2.5, but it is probably mostly less than 1 micron.

The hypothesis has been raised that maybe it is really the ultra
fines when they are very, very small. That is a hypothesis which
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I am in fact investigating with a group of people I am collaborating
with in Finland.

It has the disadvantage that those particles basically don’t get
indoors whereas the sulfate particles do. By the time those things
get indoors, they have agglomerated up and are bigger. So it is
hard to see how people are being exposed to it.

Senator SESSIONS. It is a complicated subject.

Dr. SCHWARTZ. It is a complicated subject. I am certainly looking
at it. I am confident it is less than 1 micron. Whether it is between
.3 and .8, I don’t know yet.

Senator SESSIONS. Dr. Wyzga.

Dr. Wyzga. 1 would agree with Joel with respect to ultra fines.
I am personally a little skeptical about the hypothesis, but it is one
that is out there.

One of the things I have done recently is take every single study
that has looked at both PMio and PM_s. If you look at the average
pollution level we have today, and assume a 10 percent change in
the pollution level of either PMio or PM>s, and estimate the bene-
fits of reducing them 10 percent, in no study—and we have looked
at every one that is out there—do you find an advantage for PM;s.
In some studies you find advantages for PMjo. It is something that
I really urge the Agency and other scientists to do, to make such
a table. We have generated it.

I am now working on a paper that we will be submitting for pub-
lication based on this work, but I would be happy to submit even
the preliminary results to this group or any other group to show
them what we have done.

Senator SESSIONS. Then you would conclude that it would be un-
wise for our Nation to undertake a huge national commitment to
a policy that at this point you feel the data is uncertain as to
whether we would receive a benefit from it?

Dr. Wyzca. Yes, sir.

Senator SESSIONS. Thank you.

Senator INHOFE. We thank you very much for coming, all three
panels. We know how valuable your time is. You have been very,
very helpful. We appreciate it so much.

The record will be kept open for members for questions for an-
other 48 hours.

We are recessed.

[Whereupon, at 1 o’clock p.m., the subcommittee was adjourned,
to reconvene at the call of the chair.]

[Additional material submitted for the record follow:]

PREPARED STATEMENT OF DR. GEORGE T. WOLFF, CHAIRMAN, CLEAN AIR SCIENTIFIC
ADVISORY COMMITTEE (CASAC), AND ATMOSPHERIC SCIENTIST FOR THE GENERAL
MoTors COMPANY

LEGISLATIVE BACKGROUND

In 1963, the Clean Air Act (CAA) was passed by Congress directing the then De-
partment of Health Education and Welfare to prepare “Criteria Documents” which
would contain summaries of the scientific knowledge on air pollutants arising from
widespread sources. The 1970 CAA required the EPA Administrator to set National
Ambient Air Quality Standards (NAAQS) for the identified “criteria” pollutants and
gave the Administrator the authority to revise the NAAQS in the future and to set
additional NAAQS as needed. At that time, 6 air pollutants were designated as cri-
teria pollutants: photochemical oxidants (later became ozone), sulfur dioxide, non-
methane hydrocarbons (later dropped as a criteria pollutant category), nitrogen di-
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oxide, carbon monoxide, and total suspended particulate (later changed to PMiq,
which includes only particles with an aerodynamic diameter less than or equal to
10 microns). In 1971, EPA established NAAQS for all six.

The absence of a mechanism for a periodic reassessment of the initial NAAQS,
prompted Congress to add into the 1977 CAA amendments a requirement that the
NAAQS be reevaluated every 5 years. In addition, the 1977 amendments created a
new committee—the Clean Air Scientific Advisory Committee (CASAC), to review
the periodic reevaluations. Organizationally, CASAC is housed within EPA’s Science
Advisory Board (SAB)! and functions as one of the ten standing committees of the
SAB. However, unlike most of the other standing committees of the SAB, CASAC
reports directly to the EPA Administrator rather than through the Executive Com-
mittee of the SAB.

Congress specified a number of responsibilities for CASAC. One was to provide
independent advice on the scientific and technical aspects of issues related to the
criteria for air quality standards. The CASAC charter? states some of their func-
tions:

Not later than January 1, 1980, and at five year intervals thereafter, com-
plete a review of the criteria published under section 108 of the Clean Air Act
and the national primary and secondary ambient air quality standards and rec-
ommend to the Administrator any new national ambient air quality standards
or revision of existing criteria and standards as may be appropriate.

Advise the Administrator of areas where additional knowledge is required
concerning the adequacy and basis of existing, new, or revised national ambient
air quality standards.

Describe the research efforts necessary to provide the required information.

Advise the Administrator on the relative contribution to air pollution con-
centrations of natural as well as anthropogenic activity, and

Advise the Administrator of any adverse public health, welfare, social, eco-
nomic, or energy effects which may result from various strategies for attain-
ment and maintenance of such national ambient air quality standards.

Previous activities of CASAC prior to 1985 have been summarized by Lippmann.3
Concerning the membership of CASAC, the charter states:

The Administrator will appoint a chairperson and six members including at
least one member of the National Academy of Sciences, one physician, and one
person representing State air pollution control agencies for terms up to 4 years.
Members shall be persons who have demonstrated high levels of competence,
knowledge, and expertise in the scientific/technical fields relevant to air pollu-
tion and air quality issues.

For any NAAQS review, a CASAC Panel is constituted to conduct the review. A
Panel consists of the seven regular members plus a sufficient number of consultant
members so that the broad spectrum of expertise needed to fully assess a particular
issue is covered on the Panel. These consultants are generally selected from EPA’s
Science Advisory Board (SAB)! or from a pool of about three-hundred consultants
maintained by the SAB. However, certain issues have required going outside of the
SAB and the SAB consultant pool to obtain a particular expertise. For the ozone
NAAQS review, the panel consisted of 15 individuals including physicians, epi-
demiologists, toxicologists, atmospheric scientists, plant biologists, risk assessment
experts and an economist. For the PM review, the panel consisted of 21 scientists.

THE NATIONAL AMBIENT AIR QUALITY STANDARDS AND THE OZONE REVIEW PROCESS

There are two types of NAAQS: primary and secondary. Primary NAAQS are set
to protect human public health. Secondary NAAQS are set to protect against ad-
\l;elrse welfare effects which include protection of plants, animals, ecosystems, visi-

ility, etc.

The major steps in the NAAQS review process are illustrated for ozone in Table
1. EPA began drafting the Criteria Document (CD), which summarizes all of the rel-
evant science on the sources, chemistry, effects, etc. of ozone, in the middle of 1993.
Recent Criteria Documents have become mammnoth undertakings. The first ozone
Criteria Document,* published in 1970, summarized the relevant science in 200
pages. The present Criteria Document5 is a three volume set and contains over 1500
pages. A draft Criteria Document was sent to the CASAC Panel in June of 1994.

The Staff Paper (SP) contains the Agency’s recommendations for the range and
form of the NAAQS along with the justifications for the recommendations that are
drawn from material contained in the Criteria Document. In the past, the CASAC
review of a Criteria Document was completed before the Staff Paper was written
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so that the Staff Paper would reflect the science contained in the final Criteria Doc-
ument. The reviews of both the Criteria Document and Staff Paper are iterative
processes that usually involve two to three revisions to both of the documents before
CASAC reaches closure, and, in the past, the entire process took several years to
complete. However, this review was on an accelerated schedule because of a pre-
vious lawsuit filed by the American Lung Association (ALA). In the previous review,
CASAC came to closure on the Staff Paper in 1989. When EPA failed to complete
the last two steps listed in Table I by October of 1991, the ALA and other plaintiffs
filed a suit to compel EPA to complete its review. The U.S. District Court for the
Eastern District of New York subsequently issued an order requiring the EPA Ad-
ministrator to announce its proposed decision by August 1, 1992 and its final deci-
sion by March 1, 1993. EPA’s decision was to retain the existing 1-hour standard
of 0.12 ppm, but noted that since there were many potentially important new stud-
ies published since the last Criteria Document was written, they would complete the
next review of the ozone NAAQS as rapidly as possible. The ALA sought judicial
review of this decision, but because of EPA’s intention to complete the review as
rapidly as possible, the ALA granted EPA a voluntary remand of the petition for
review. To accomplish the accelerated review, some of the steps listed in Table 1
were conducted to some extent as parallel tasks rather than sequential tasks. In
particular, a draft of the Staff Paper® was sent out for CASAC review in February
og 1995 even though closure on the Criteria Document did not occur until November
of 1995.

As shown in Table 1, CASAC reached closure? on the third revision of the Criteria
Document in 15 months. CASAC also reached closure® in November 1995 on the
Staff Paper after a nine month review process and two Staff Paper revisions. The
proposed NAAQS were announced in the December 13, 1996 Federal Register. The
last step in the process, EPA’s promulgation, is scheduled to be published in the
Federal Register on or before June 28, 1997. A public comment period for the De-
cember 1996 notice will close February 18, 1997.

HISTORY OF THE OZONE STANDARD

The history of the ozone NAAQS is summarized in Table 2. Additional details are
contained in the Staff Paper.6 In the Staff Paper, EPA recommended that the exist-
ing 1-hour NAAQS of 0.12 ppm be replaced with an 8-hour average NAAQS within
the range of 0.07 ppm to 0.09 ppm with one to five allowable exceedances per year
averaged over a three year period. The range of stringency from the most stringent
(0.07 ppm with 1 allowable exceedance) to the least stringent (0.09 ppm with 5 al-
lowable exceedances) is substantial. In the December 1996, notice, EPA proposed an
8-hour NAAQS of 0.08 ppm. To be in attainment, the average of the third highest
in each year for 3 years could not exceed 0.08 ppm. At this level, the new NAAQS
is significantly more stringent than the present 1-hour NAAQS when the resulting
number of nonattainment areas are considered. With the present NAAQS, 68 Metro-
politan Statistical Areas (MSAs) where ozone was monitored through September,
1996 did not meet the standard. This number would jump to 140 with the new 8-
hr NAAQS of 0.08 ppm. However, this does not tell the entire story because many
of the counties in between MSAs do not now have ozone monitors because they meet
the present NAAQS. Some of these counties would become nonattainment with a
more stringent NAAQS.

As pointed out in the Criteria Document5 and the Staff Paper,® the 1-hour daily
maximum background ozone averages between 0.03 to 0.05 ppm. This is the average
1-hour maximum ozone that could be expected during the summer in the continen-
tal U.S. in the absence of sources of anthropogenic precursor emissions in the U.S.
In rural areas, which experience broader ozone peaks than urban areas because of
the lack of ozone scavenger emissions, the maximum daily 8-hour background ozone
concentration would be expected to be only slightly less than the 1-hour maximum
background of 0.03-0.05 ppm. Consequently, with an 8-hour NAAQS being consid-
ered, background ozone becomes a more important consideration.

OZONE HEALTH EFFECT STUDIES: RESULTS AND IMPLICATIONS

The ozone review relied mainly on four broad types of health effect studies: ani-
mal studies, controlled human chamber studies, field studies of ambient exposures,
and hospital admission studies. The main use of the animal studies was to gain in-
sight on the mechanisms by which ozone produces biological responses and damage
to the respiratory system. In the controlled human exposure studies, individuals
were typically exposed to ozone concentrations slightly above, at, or below the
present NAAQS for a number of hours ((6 hours is the most common) while engaged
in light to heavy exercise. Before, during and after the exposure the individual lung
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functions (such as FEV1 which is the maximum volume of air that can be expired
in one second) are monitored and any symptoms (cough, shortness of breath, chest
pain, etc.) are noted. These studies have produced two important results. First, for
one or two hour exposures, decrements in lung function tests and symptoms were
noted in individuals not engaged in exercise only at concentrations greater than
three times the present NAAQS. However, some exercising individuals experience
decreased lung-function test performance and symptoms even at concentrations at
or below the present NAAQS when exposed for multiple hours. This is one of the
pieces of evidence that suggested a multiple hour (8-hours) NAAQS is a better meas-
ure of response than a 1-hour standard.

The field studies consisted of summer camp and adult exercise studies. In the
summer camp studies, children, engaged in the normal physical activities that occur
at summer camps, participated in lung function testing and the results were com-
pared to the ambient ozone concentrations. In the adult exercise studies, lung func-
tion tests were administered to joggers before and after they ran outdoors and the
test results were also compared to the ambient ozone concentrations. The results of
both types of studies showed a small but statistically significant relationship be-
tween decreased performance on the lung function tests with increasing ozone at
concentrations at and below the present NAAQS. These results are consistent with
the controlled chamber studies and reinforce the evidence that an 8-hour NAAQS
is a better measure of response than a 1-hour NAAQS. Furthermore, since the rela-
tionship between the lung function test results and ozone appears to be linear, there
may not be a threshold concentration below which biological responses will not occur.

The hospital admission studies examined the relationships between daily ozone
consistently shown an apparent linear relationship in various North American loca-
tions between ozone and the admissions, and EPA has assumed that this relation-
ship is cause and effect. The relationship has been shown to remain even when con-
sidering only concentrations below the present NAAQS. Thus, there is no evidence
of a threshold concentration and this reinforces the conclusion from the field studies.

CASAC’S INTERPRETATION AND RECOMMENDATIONS ON OZONE

It was the consensus of the CASAC Panel that there only be one primary NAAQS,
either an 8-hour or a 1-hour NAAQS. Even though an 8-hour time-frame appeared
to be a better measure of response, the Panel acknowledged that the same degree
of public health protection could be achieved with either an 8-hour or a 1-hour
NAAQS at the appropriate level. It was also the consensus of the Panel that the
form of the new standard be more robust than the present one. The present stand-
ard is based on an extreme value statistic which is significantly dependent on
stochastic processes such as extreme meteorological conditions. The result is that
areas which are near attainment will randomly flip in and out of compliance. A
more robust, concentration-based form will minimize the “flip-flops,” and provide
some insulation from the impacts of extreme meteorological events.

The Panel felt that the weight of the health effects evidence indicates that there
is no threshold concentration for the onset of biological responses due to exposure
to ozone above background concentrations. Based on information now available, it
appears that ozone may elicit a continuum of biological responses down to back-
ground concentrations. It is critical to understand that a biological response does not
necessarily imply an adverse health effect. Nevertheless, this means that the para-
digm of selecting a standard at the lowest-observable-effects-level and then provid-
ing an “adequate margin of safety” is not possible. It further means that risk assess-
ments must play a central role in identifying an appropriate level.

To conduct the risk assessments, EPA had to identify the populations at risk and
the physiological responses of concern, develop a model to estimate the exposure of
this population to ozone, and develop a model to estimate the probability of an ad-
verse physiological response to the exposure. EPA selected a small segment of the
population, “outdoor children” and “outdoor workers,” particularly those with pre-
existing respiratory disease as the appropriate populations with the highest risks.
The Panel concurred with the Agency that the models selected to estimate exposure
and risk were appropriate models. However, because of the myriad of assumptions
that are made to estimate population exposure and risk, large uncertainties exist
in the model estimates.

The results of two of the risk analyses are presented in the Staff Paperé and are
reproduced in Tables 3 and 4. It should be noted that the numbers in these Tables
differ slightly from the numbers presented in the closure letter® which were based
on EPA’s estimates that were in the August 1995 draft of the Staff Paper. The num-
bers in Tables 3 and 4 are based on EPA’s latest estimates contained in the final
June 1996 Staff Paper. The biggest change is in the total number of asthma hospital
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admissions in Table 5 which is 50% lower than those in the closure letter. lie dif-
ference is that the closure letter used annual admissions, but the numbers in Table
4 are six-month (ozone season) numbers. By using a six-month basis for the total
admissions, the percentage of annual admissions due to ozone exposure is inflated
by a factor of two.

The ranges from ten model runs of the risk estimates across nine cities for out-
door children are presented in Table 3. Because of the large number of stochastic
variables used in the exposure model, the exposure estimates vary from run to run.
However, the ranges presented in Tables 3 and 4 are not reflective of all of the un-
certainties associated with the numerous assumptions that were made to develop
the estimates.

Based on the results presented in these and other similar tables presented in the
Staff Paper and an acknowledgment that all the uncertainties cannot be quantified,
the CASAC Panel concluded that there is no “bright line” which distinguishes any
of the proposed standards (either the level or the number of allowable exceedances)
as being significantly more protective of public health (this includes the present
standard). For example, the differences in the percent of outdoor children (Table 3)
responding between the present standard (1H1EX at 0.12 ppm) and the most strin-
gent proposal (8H1EX at 0.07 ppm) are small and their ranges overlap for all health
endpoints. In Table 4, the estimates in row 1 suggest considerable differences be-
tween the several options. However, when ozone-aggravated asthma admissions are
compared to total asthma admissions (rows 5 and 6), the differences between the
various options are small.

The results in Table 4 also raise questions concerning the reasonableness of the
assumption of a linear relationship between admissions and ozone concentrations
with no threshold concentration. If New York City was just meeting the present
NAAQS of 0.12 ppm (1H1EX 0.12), Table 4 indicates that ozone would be respon-
sible for 890 admissions per year. However, of that 890, only 210 admissions would
be due to ozone concentrations above the summer background concentration which
is taken here to be 0.04 ppm. The majority, 680, or 76.4% of the admissions are at-
tributable to ozone exposure when the ozone concentrations were less than or equal
to the summertime background.

Nevertheless, the CASAC Panel could see no “bright line” to use as a guide in
selecting the numerical value of an NAAQS. However, some of the members did ex-
press personal preferences for the level of the 8-hour NAAQS and they are given
below. All the members recommended that there be multiple allowable exceedances.
Two other members said that the selection of a level is strictly a policy decision
since the risk assessment did not show that any of the NAAQS considered were
more protective of public health.

No. of Members Preference
1 0.09-0.10
3 0.09
1 0.08-0.09
3 0.08
2 policy call

PERSPECTIVE ON OZONE

Let us examine the individual recommendations of the panel members. Of the 15
panel members, ten expressed an opinion on the level of the primary NAAQS. Of
the five members who did not express an opinion, four were plant biologists who
were on the panel for their expertise regarding the secondary NAAQS issue and
they were not expected to comment on the primary NAAQS. A fifth panelist, an at-
mospheric scientist, gave the panel guidance on atmospheric issues but chose not
to participate in the health effects discussions.

Of the ten who voiced an opinion, all endorsed an 8-hour standard and all en-
dorsed multiple exceedances. Three members recommended 0.08 ppm which is
clearly more stringent than the present NAAQS. Three other members rec-
ommended 0.09 ppm and one member recommended a range of 0.09 to 0.10 ppm
which, with multiple allowable exceedances, ranges from a NAAQS equal in strin-
gency to the current NAAQS to a NAAQS less stringent to the current NAAQS. Two
other members (including the author) said it is a policy decision because the science
has not shown any of the alternatives that are being considered as being more pro-
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tective of public health than any other. The last member supported a NAAQS in
the “higher end, the middle to higher end.”

THE PM REVIEW PROCESS

The major steps in the PM NAAQS review process are illustrated in Table 5. EPA
began drafting the PM Criteria Document?, in the middle of 1994 Recent Criteria
Documents have become mammoth undertakings. The first PM Criteria Docu-
ment,10 published in 1969, summarized the relevant science in 220 pages. The final
version of the present Criteria Document is a three volume set containing over 2400

pages.

The Staff Paper!! (Staff Paper) contains the Agency’s recommendations for the
range and form of the NAAQS along with justifications that are drawn from mate-
rial contained in the Criteria Document. In the past, the CASAC review of a Cri-
teria Document was completed before the Staff Paper was written so that the Staff
Paper would reflect the science contained in the final Criteria Document (an excep-
tion to this was the recent ozone review!). The reviews of both the Criteria Docu-
ment and Staff Paper are iterative processes that usually involve two to three revi-
sions to both of the documents before CASAC reaches closure, and, in the past, the
entire process took several years to complete. However, this review was on an accel-
erated schedule because of a court order resulting from a lawsuit filed by the Amer-
ican Lung Association (ALA).

In February 1994, the ALA filed a suit to compel EPA to complete the PM review
by December 1995. The U.S. District Court for the District of Arizonal? subse-
quently ordered EPA to complete its review and propose any revision in the Federal
Register by June 30, 1996 with final promulgation by January 31, 1997. In addition,
the Court adopted EPA’s projection that the CASAC review of the Criteria Docu-
ment should be completed by the end of August 1995. Further, the Court ordered
EPA to complete a first draft of the Staff Paper by June 1995 and gave CASAC 3
months to complete its review of the Staff Paper. In addition, the Court stated: “The
Court excludes from its revised schedule, the EPA’s provisions for interim CASAC
review of various Criteria Document and Staff Paper drafts, including participation
by CASAC in the development of methodologies for assessment of exposure/risk
analyses.” As you will see below, however, the review did deviate somewhat from
this schedule.

The CASAC Panel members met to discuss the draft of the Criteria Document on
August 34, 1995, but they could not come to closure. The panel felt that the Criteria
Document required extensive revisions and recommended that it be given the oppor-
tunity to review the revised draft.13 As a result, both EPA and the ALA petitioned
the Court and were granted an extension allowing CASAC until January 5, 1996
to complete its review of the Criteria Document and Staff Paper. CASAC met again
on December 14-15, 1995 to review the revised draft of the Criteria Document and
the first draft of the Staff Paper. Again the Panel concluded that the Criteria Docu-
ment did “not provide an adequate review of the available scientific data and rel-
evant studies of PM,” and could not come to closure on either the Criteria Document
or the Staff Paper.14 Again, both EPA and the ALA petitioned the Court and were
granted an extension allowing CASAC until March 15, 1996 to complete its review
of the Criteria Document and June 15, 1996 to complete it review of a revised Staff
Paper. At a February 29, 1996, the CASAC Panel succumbed to the pressures ex-
erted by the accelerated schedule and reluctantly came to closure on the Criteria
Document. I say reluctantly because in the closure letters it was stated that “a num-
ber of members have expressed concern that since we are closing on the Criteria
Document before we will be able to see the revised version, we have no assurance
that our comments will be incorporated.” Nevertheless, the Panel closed on the Cri-
teria Document on March 15, 1996.

On May 16 and 17, the Panel met for the final time to review the revised Staff
Paper, and came to closure!®. The details of this review and the CASAC rec-
ommendations will be discussed shortly

HISTORY OF THE PM STANDARDS

The history of the PM standards is summarized in Table 6. In 1971, EPA set an-
nual average and 24-hour NAAQS for total suspended particulates (TSP). Total sus-
pended particulates consisted of any PM that was collected on the filter of a high
volume sampler operating within certain EPA specifications. The upper size cap-
tured by the high volume sampler varied with wind speed and wind direction but
was generally limited to PM with diameters less than 40 um (the width of a human
hair is about 70 pm). Between 1971 and 1987, it was realized that the most impor-
tant PM, from a health perspective, were those that deposited in the deep lung
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(tracheobronchial or pulmonary) region of the of the respiratory system. Maximum
PM penetration to the deep lung region occurs during oronasal (combined nose/
mouth breathing) or mouth breathing and deposition is restricted to those PM equal
to or less than 10 pm in diameter. In nasal breathing, deep lung deposition is lim-
ited to particles less than or equal to about 1 pm in diameter. Consequently, in
1987, EPA replaced the TSP NAAQS with 24-hour and annual PM;0 NAAQS where
PMio refers to those particles that are equal to or less than 10 pm in diameter.
Operationally PMio is defined by the Federal Reference method and sampler. In
terms of sampler collection efficiency, the 10 pm cut point represents the size of the
particle that is collected with a 50% collection efficiency.

The PM NAAQS is the only NAAQS that is not chemically specific although it
is understood that the toxicity of individual particles are not equal. Furthermore,
it is understood that the potential for biological responses varies with particle size.
As mentioned above, for normal nasal breathing, the particle sizes of concern are
generally 1 pm in diameter or less, while for oronasal breathing, particles equal to
or less than 10 pm in diameter are of concern. In addition, the sources of the fine
particles (PMj o or PM>s) are generally different from the sources of the coarser par-
ticles (particles greater than or equal to 2.5 pm in diameter. For example particles
less than 2.5 pm in diameter are formed primarily by combustion or secondary
chemical reactions in the atmosphere whereas particles greater than or equal to 2.5
pm in diameter are formed primarily by mechanical processes (construction, demoli-
tion, unpaved roads, wind erosion, etc.) For these reasons, many have felt that fine
and coarse particles should be treated as separate pollutants because different con-
trol strategies are required to address both size ranges. This logic and the health
effects discussed below are what lead EPA staff to recommend the separate PM;s
and PMio NAAQS listed in Table 6.

The proposed PM,s NAAQS is considerably more stringent than the existing PMjo
NAAQS. Based on 1993-95 PM o data, there are 41 U.S. counties with monitors not
meeting either the annual or 24-hr PM1o NAAQS. Under the new PM,s NAAQS pro-
posals, it is estimated that the nonattainment counties would be about 170. How-
ever, there are two caveats. First, very few places have PMzs monitors. Con-
sequently PM, s data are estimated. The PM; s concentrations were estimated for all
counties with PMyo samplers by multiplying the relatively abundant PMi, data by
ratios derived from a much more limited PM,s/PM;o data base. Second, these esti-
mates only include counties with PMip monitors. It is likely, that there will be sig-
nificant numbers of counties currently without monitors that will eventually be
found to be out of attainment. As a consequence, the actual number of PM non-
attainment areas will be substantially higher than EPA’s estimates.

PM HEALTH EFFECT STUDIES: RESULTS AND IMPLICATIONS

Although individual PM health effect studies have focused on a variety of
endpoints, for obvious reasons the epidemiology studies that focused on human mor-
tality were the primary focus of this review. Consequently, we will only discuss
these studies.

There were two types of PM-mortality studies cited by EPA. The first were the
short-term, acute mortality studies which compared the daily PM and mortality
time series in a dozen or so locations around the US. After filtering out or account-
ing for the effects of such things as seasonality, day of the week, meteorology, etc.
on mortality, the remaining statistical relationship between daily PM and daily mor-
tality was quantified. Although this relationship varied from location to location, the
average value was a 4% increase in daily deaths for a 50 pg/m3 increase in PMiq
concentrations.

The second type of epidemiological study is the long-term prospective cohort stud-
ies where the health status of certain groups (cohorts) of individuals is followed for
a number of years in various locations around the country. In these studies, the an-
nual mortality rate in a given location is related to the annual average PMio or
PM_.5 concentrations after the mortality rates have been adjusted for smoking and
some other potential confounding variables. Of the three studies reported in the lit-
erature, two show a positive relationship between annual mortality and PM and at-
tribute two to three times the number of deaths to PM as the short-term acute effect
studies. The third study shows no PM-mortality relationship but EPA dismissed this
study for a number of reasons including its lower statistical power (smaller sample
size). EPA uses higher mortality estimates from the two studies to conclude that
there are premature deaths due to chronic exposure to PM in addition to the deaths
due to acute exposures identified in the time-series studies.
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In addition, EPA also concluded that the mortality was due to PMys rather than
the coarse fraction of the PMio. As will be discussed below, the evidence for this con-
clusion was ambiguous.

CASAC’S INTERPRETATION AND RECOMMENDATIONS ON PM

Table 4 summarizes the Panel members’ recommendations concerning the forms
and levels of the primary standards. Although some Panel members preferred to
have a direct measurement of coarse mode PM (PMio»5) rather than using PMio
as a surrogate for it, there was a consensus that retaining an annual PM;o NAAQS
at the current level is reasonable at this time. A majority of the members rec-
ommended keeping the present 24-hour PM;o NAAQS, although those commenting
on the form of the standard strongly recommended that the form be changed to one
that is more robust than the current standard to provide some insulation from the
impacts of extreme meteorological events. Because of the acceptance that PMio o5
and PM.s are different pollutants, there was also a consensus that a new PMss
NAAQS be established, with 19 Panel members endorsing the concept of a 24-hour
and/or an annual PM,s NAAQS. The remaining two Panel members did not think
any PM>s NAAQS was justified. However, as indicated in Table 4, there was no con-
sensus on the level, averaging time, or form of a PM>s NAAQS. At first examination
of Table 4, the diversity of opinion is obvious and appears to defy further character-
ization. However, the opinions can be classified into several broad categories. Four
Panel members supported specific ranges or levels within or toward the lower end
of EPA staff’s recommended ranges. Seven Panel members supported specific ranges
or levels near, at, or above the upper end of staff's recommended ranges. Two mem-
bers did not think a PM>s NAAQS was warranted at all. The remaining eight other
Panel members endorsed the concept of a PM,s NAAQS, but declined to select a
specific range or level. Consequently, only a minority of the Panel members sup-
ported a range that includes the present EPA proposals.

However, most of the members who declined to recommend a range had caveats
which appear as footnotes in Table 7. The caveats include: “recommends a more ro-
bust 24-hr. form,” concerned upper range is too low based on national PM,s/PMio
ratio,” “leans towards high end of EPA’s proposed range,” “yes, but decision not
based on epidemiological studies,” “low end of EPA’s proposed range is inappropri-
ate; desires levels selected to include areas for which there is broad public and tech-
nical agreement that they have PM,s pollution problems,” “only if EPA has con-
fidence that reducing PM>s will indeed reduce the components of particles respon-
sible for their adverse effects,” and “concerned lower end of range is too close to
background.”

The diversity of opinion expressed by the Panel members reflected the many un-
answered questions and large uncertainties associated with establishing causality of
the association between PM;s and mortality. Most Panel members were influenced,
to varying degrees by these unanswered questions and uncertainties. The concerns
include but are not limited to: (1) the influence of confounding variables, (2) meas-
urement errors, (3) the existence of possible alternative explanations, (4) the lack
of an understanding of toxicological mechanisms, (5) the fraction of the daily mortal-
ity that is advanced by a few days because of pollution, (6) exposure mis-
classification, (7) the shape of the dose-response function, and (8) the use of different
models in all the studies. Let me expand on these issues.

The first three concerns are related because they pertain to how certain we are
that we have identified the correct causative agent. As mentioned earlier, PMio and
pv2s are not single chemical entities. They are composed of four or five major con-
stituents and hundreds of trace constituents. Some have suggested that the causa-
tive agent could be some constituent of the PM rather than the total PM or total
PM_, 5 which would require a control strategy targeted at the causative constituent
rather than at PMip or PM>5 in general. Also because many of the PM constituents
are highly correlated (also with some of the gaseous pollutants as well), the regres-
sion methodologies used to determine association, tend to select those variable with
the smallest measurement error. For example, PM>s and PMip are measured much
more precisely than the coarse fraction of the PMio (PMio25). Consequently, the
slightly higher relative risk calculated from the statistical models for PM> s (versus
PMio25) is not proof that PMio > 5 is not the causative agent. Finally, several stud-
ies including some of the recent reanalyses of original studies have included gaseous
criteria pollutants in their model and discovered that in many cases ozone, sulfur
dioxide or carbon monoxide can be as important, and in some cases, more important
than PM in describing the mortality. When the data bases are segregated by season,
even more confusing results occur as different pollutants are identified for each sea-
son as being the apparent causative agent. This has led some to conclude that it
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is overall air pollution that is causing the excess mortality and that PM is just a
surrogate measure. If that is the case, it does not necessarily follow that reducing
the concentrations of a surrogate will result in reduced mortality.

The fourth issue of concern has caused several of the Panel members, including
one of the chest physicians to state that there is no biologically plausible mechanism
that could explain the apparent relationship between acute mortality and PM at
concentrations that are a fraction of the present PMio NAAQS. This has lead some
to postulate that the acute mortality is actually a“harvesting” effect. That is, indi-
viduals who are terminally ill die somewhat prematurely due to the additional
stress caused by PM or overall air pollution. While this may explain some or most
of the acute deaths, it can not explain the apparent long-term, chronic deaths attrib-
uted to annual PM concentrations in the prospective cohort studies. These prospec-
tive cohort studies suggest that the acute mortality only account for about a third
to a half of the total deaths attributed to PM. However, all or most of this discrep-
ancy vanishes when additional potentially confounding variables are included in the
cohort studies and historical or cumulative rather than concurrent air pollution ex-
posures are considered.

The exposure misclassification concern revolves around the validity of the as-
sumption made in all of the acute studies that daily ambient PM data collected from
a centrally located air monitoring site is representative of personal exposure to PM.
Results from studies which examined this assumption are ambiguous. The shape of
the dose-response function is also a concern. Because of measurement errors, the
present statistical methodologies are incapable of detecting the existence of a pos-
sible threshold concentration below which acute mortality would not occur. Finally,
there is some concern because the statistical models used in the various geographi-
cal areas are different. At different sites, different combinations of variables, averag-
ing times, methods for accounting for seasonality and meteorology, and lag times
have been used to produce the reported PM-mortality relationships.

The lack of consensus on many of these issues can be partially attributed to the
accelerated review schedule. The deadlines did not allow adequate time to analyze,
integrate, interpret, and debate the available data on this very complex issue. Nor
did the court-ordered schedule recognize that achieving the goal of a scientifically
defensible NAAQS for PM may require iterative steps to be taken in which new
data are acquired to fill obvious and critical voids in our knowledge. The previous
PM NAAQS review took 8 years to complete.

The Panel was unanimous, however, in its desire to avoid a similar situation
when the next PM NAAQS review cycle is under way by a future CASAC Panel.
CASAC strongly recommended that EPA immediately implement a targeted re-
search program to address these unanswered questions and uncertainties. It is also
essential that long-term PM,s measurements are obtained. CASAC volunteered to
assist EPA in the development of a comprehensive research plan that will address
the questions which need answers before the next PM review cycle is completed.

PERSPECTIVE

Since PM1o measurements became widespread in 1988, significant and continuous
declines in ambient PMjo concentrations have been observed throughout the U.S.
Nationwide PM1o concentrations have declined 22% from 1988 to 1995.17 The reason
for this decline is because of the implementation of existing control programs re-
quired by the 1990 Clean Air Act Amendments that target PM, s precursors (VOCs,
NOy, and SO,), diesel PM emissions and other primary emission sources. This trend
will continue for the foreseeable future as additional measures required by the
Amendments are phased in. Consequently, there is time to conduct the research rec-
ommended by CASAC which targets the concerns discussed above. Then appropriate
PM_5s NAAQS could be established.
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Table 1: Steps in the NAAQS review process.
Completion dates are for the ozone review

Steps in 2 NAAQS Review Completion Date
1 | CASAC review of the Criteria Document June 1994 to September
1995

2 | CASAC closure on Criteria Document

November 28, 1995

3 | CASAC review of Staff Paper

February 1995 to September,
1995

4 | CASAC closure on Staff Paper

November 30, 1995

5 | EPA publishes proposed NAAQS in Federal Register

December 13, 1996

6 | EPA promulgates final NAAQS in Federal Register

June 28, 1997

Table 2: Historical Overview of Ozone NAAQS

Year Primary NAAQS Secondary NAAQS
1971 1-hr. @ 0.08 ppm samne as primary
1977 1-hr. @ 0.12 ppm same as primary
3exin3 years'
1993 reaffirmed 1977 NAAQS . | reaffirmed 1977 NAAQS
1996 (recommended in Staff | 8-hr. @ 0.07-0.09 ppm 3 month
Paper) 1to 5 ex per year SUMO06
averaged over 3 years 25-36 ppm-hours”
December 13, 1996 proposal 8-hr @ 0.08 either equal to primary
ave of 3rd highest in 3 yrs or

3-mo SUM06 @ 25 ppm-
hours

3 exceedances allowed within 3 consecutive years
1 to 5 exceedances allowed within a year averaged over a 3-year period
* see Criteria Document’ for an explanation
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Table S: Steps in the NAAQS review process.
Completion dates are for the PM review

Steps in 2a NAAQS Review Completion Date
1 | CASAC review of the Criteria Document June 1995 to March 1996
2 | CASAC closure on Criteria Document March 15, 1996
3 | CASAC review of Staff Paper November 1995 to June
1996
4 | CASAC closure on Staff Paper June 13, 1996
S _| EPA publishes proposed NAAQS in Federal Register December 13, 1996
6 | EPA promulgates final NAAQS in Federal Register June 28, 1997

Table 6: Historical Overview of PM NAAQSs

YEAR MEASURE 24-HR | ANNUAL
@wgm) | (pgm’)
1971 | total suspended particulates (TSP) 260 75
1987 | PM,, (particulates with diameters < 10 um) 150 50
1996 EPA Staff recommendation:
PM, ¢ 18-65 12.5-20
PM,o 150 40-50
12196 Federal Register Notice
PM, 5 50 15
PM,;o 150 50
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Table 7: Summary of CASAC Panel Members Recommendations
(all units pg/m’)

PM,s | PM,, | PM,, | PM,
24-br Anbual 24-br | Annual
EPA Staff Recommendation 18 -65 12.5-20 150 40 - 50
December, 1996 Proposal 50 15 150 50
Discipline of Panel Member
Epidemiologist’ 20-50 no no 40 - 50
Epidemiologist 20-30 15-20 no 50
Health Effects Expert 20-50° 15-20 no 40-50
Atmospheric Scientist 20-50° 20-30 no 40 -50°
Biologist yes” yes” 150 50
Chest Physician yes® yes® 150 50
Atmospheric Scientist yes™ ' yes™ 15077 50
Atmospheric Scientist yes™ yes™ yes' yes'
Atmospheric Scientist yes™™" yes" no yes'
Epidemiologist” yes™ ' no 150 yes”
Atmospheric Scientist yes™ no 150" 50
Atmospheric Scientist yes— ot yes™” no yes
Toxicologist 50 20 150 50
Atmospheric Scientist no 20 150 50
Statistics Expert no 25-30" no yes”
Chest Physician 265 no 150 50
Epidemiologist 75’ 25-30" 150 50
Biologist 275 no 150 40 - 50
Atmospheric Scientist 2757 no 150° 50
Toxicologist no no 150 50
Toxicologist no no 150 50
not present at meeting; recommendations based on written comments

? declined to select a value or range

recommends a more robust 24-hr. form

perfers a PM,,; 5 standard rather than a PM,, standard

conccmcd upper range is too low based on national PM, /PM,, ratio

Ieans towards high end of EPA’s proposed range

desu'es equivalent stringency as present PM,, standards

*ifEPA decnds aPM,; NAAQS is required, the 24-hr. and annual standards should be 75 and
25 pg/m’, respectively with a robust form

9yes but decisi nolbasedon pidemiclogical studies

“jow end of EPA” s proposed range is inappropriate; desires levels selected 10 include areas for which
there is broadpubhcandmchmell agreement that they have PM, ; pollution problems
" only if EPA has confidence that reducing PM, s will indeed reduce the components of particles
responsible for their adverse effects
concemed lower end of range is oo close to background
the annual standard may be sufficient; 24-hour level recommended if 24-hour NAAQS is retained
the chair’s recommendation
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U.S. ENVIRONMENTAL PROTECTION AGENCY,
Washington, DC, November 30, 1995.

EPA-SAB-CASAC-LTR-96-002

Hon. CArOL M. BROWNER, Administrator,
U.S. Environmental Protection Agency,
401 M. Street, SW., Washington, DC 20460.

RE: CASAC Closure on the Primary Standard Portion of the Staff Paper for Ozone

Dear Ms. Browner: A Panel of the Clean Air Scientific Advisory Committee
(CASAC) of EPA’s Science Advisory Board (SAB) met on March 22, 1995, to review
a draft of the primary standard part of the document entitled Review of National
Ambient Air Quality Standards for Ozone Assessment of Scientific and Technical In-
formation OAQPS Staff Paper. At that time, a draft of the secondary standard por-
tion of the document was not completed. At the March meeting, the Panel made ex-
tensive recommendations for strengthening the document. In August 1995, a revised
Staff Paper, which included a first draft of the secondary standard portion was sent
to CASAC panel members for review. On September 19 and 20, 1995, the Panel met
to complete this review. The Panel members’ comments reflect their satisfaction
with the improvements made in the scientific quality and completeness of the pri-
mary standard portion of the Staff Paper. The changes made in that portion of the
document are consistent with CASAC’s recommendations. However, the Panel Mem-
bers provided additional comments to your staff at the meeting and subsequently
in writing. Although the Panel would like to have these comments considered for
incorporation in the Staff Paper, the Panel did not feel that it was necessary to re-
view another revised version and came to closure on the primary standard portion.
It was the consensus of the Panel that although our understanding of the health
effects of ozone is far from complete, the document provides an adequate scientific
basis for making regulatory decisions concerning a primary ozone standard.

The Panel could not come to closure, however, on the secondary standard portion
of the Staff Paper which was a first draft. To facilitate further development of this
part of the Staff Paper, the Panel members have provided detailed comments to
your staff. The Panel felt that the suggested revisions were extensive enough to
warrant a review of the next draft.

I would like to summarize for you the Panel’s recommendations concerning the
primary standard. It was the consensus of the Panel that EPA’s selection of ozone
as the surrogate for controlling photochemical oxidants is correct. It was also the
consensus of the Panel that an 8-hour standard was more appropriate for a human
health-based standard than a 1-hour standard. The Panel was in unanimous agree-
ment(;1 th(ilt the present 1-hour standard be eliminated and replaced with an 8-hour
standard.

The Panel felt that the weight of the health effects evidence indicates that there
is no threshold concentration for the onset of biological responses due to exposure
to ozone above background concentrations. Based on information now available, it
appears that ozone may elicit a continuum of biological responses down to back-
ground concentrations. This means that the paradigm of selecting a standard at the
lowest-observable-effects-level and then providing an “adequate margin of safety” is
no longer possible. It further means that EPA’s risk assessments must play a
central role in identifying an appropriate level.

To conduct the risk assessments, the Agency had to identify the population at risk
and the physiological responses of concern, develop a model to estimate the exposure
of this population to ozone, and develop a model to estimate the probability of an
adverse physiological response to the exposure. The Panel agrees with EPA that the
selection of “outdoor children” and “outdoor workers,” particularly those with pre-
existing respiratory disease are the appropriate populations with the highest risks.
After considerable debate, it was the consensus of the Panel that the Agency’s cri-
teria for the determination of an adverse physiological response was reasonable.
Nevertheless, there was considerable concern that the criteria for grading physio-
logical and clinical responses to ozone was confusing if not misleading. The Panel
concurs with the Agency that the models selected to estimate exposure and risk are
appropriate models. However, because of the myriad of assumptions that are made
to estimate population exposure and risk, large uncertainties exist in these esti-
mates.

The results of two of the risk analyses are presented in Tables VI-1 and VI-2
in the Staff Paper and are reproduced in the attached tables. The ranges of the risk
estimates across nine cities for outdoor children are presented in Table VI-1. Be-
cause of the large number of stochastic variables used in the exposure models, the
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exposure estimates vary from run to run. However, the ranges are not reflective of
all of the uncertainties associated with the numerous assumptions that were made
to develop the estimates.

The single estimates presented in Table VI-2 do not reflect any of the uncertain-
ties associated with these estimates. (Table VI-2 contains only the estimated hos-
pital admissions due to asthma which account for over 85 percent of the estimated
total hospital admissions due to ozone exposure). These uncertainties need to be ex-
plicitly articulated in order to put the estimates in proper perspective. Nevertheless,
based on the results presented in these and other similar tables presented in the
Staff Paper, the Panel concluded that there is no “bright line” which distinguishes
any of the proposed standards (either the level or the number of allowable
exceedences) as being significantly more protective of public health. For example,
the differences in the percent of outdoor children (Table VI-1) responding between
the present standard and the most stringent proposal (8H1EX at 0.07 ppm) are
small and their ranges overlap for all health endpoints. In Table VI-2, the estimates
in row 1, which appeared in the draft Staff Paper, suggest considerable differences
between the several options. However, when ozone-aggravated asthma admissions
are compared to total asthma admissions (rows 5 and 6), the differences between
the various options are small. Consequently, the selection of a specific level and
number of allowable exceedences is a policy judgment. Although it was the consen-
sus of the Panel that the ranges of concentrations and allowable exceedences pro-
posed by the Agency were appropriate, a number of Panel members expressed “per-
sonal” preferences for the level and number of allowable exceedences. Of the ten
panel members who expressed their opinions, all ten favored multiple allowable
exceedences, three favored a level of 0.08 ppm, one favored the mid to upper range
(0.08-0.09 ppm), three favored the upper range (0.09 ppm), one favored a 0.009-0.10
ppm range with health advisories issued when the 8-hour ozone concentration was
forecasted to exceed 0.007 ppm, and two just endorsed the range presented by the
Agency as appropriate and stated that the selection should be a policy decision. The
members who favored the low numbers expressed concern over the evidence for
chronic deep lung inflammation from the controlled human and animal exposure
studies and the observations of pain on deep inspiration in some subjects.

Because there is no apparent threshold for responses and no “bright line” in the
risk assessment, a number of panel members recommended that an expanded air
pollution warning system be initiated so that sensitive individuals can take appro-
priate “exposure avoidance” behavior. Since many areas of the country already have
an infrastructure in place to designate “ozone action days” when voluntary emission
reduction measures are put in place, this idea may be fairly easy to implement.

It was also the consensus of the Panel that the form of the 8-hour standard be
more robust than the present 1-hour standard. The present standard is based on
an extreme value statistic which is significantly dependent on stochastic processes
such as extreme meteorological conditions. The result is that areas which are near
attainment will randomly flip in and out of compliance. A more robust, concentra-
tion-based form will minimize the “flip-flops,” and provide some insulation from the
impacts of extreme meteorological events. The Panel also endorses the staff rec-
ommendation for creating a “too close to call” category.

Since the last ozone NAAQS review, the scientific community has made great
strides in their understanding of the health effects of ozone exposure because of on-
going research programs. Panel members were very impressed with how much more
we understand now as compared to the prior round. Nevertheless, there are still
many gaps in our knowledge and large uncertainties in many of the assessments.
For example, there is little information available on the frequency of human activity
patterns involving outdoor physical exercise. Little is also known about the possible
chronic health impacts of ozone exposure over a period of many years. In addition,
there is no clear understanding of the significance of the inflammatory response in-
ferred from the broncholavage data. Panel members stated, however, that the sci-
entific community is now in a position to frame the questions that need to be better
resolved so the uncertainties can be reduced before the next ozone review in 5 years.
For this reason, it is important that research efforts on the health and ecological
effects of ozone not be reduced because we have come to closure on this review.

CASAC would appreciate being kept informed of progress on establishing a re-
vised or new ozone standard, and plans for research on ozone effects. Please do not
hesitate to contact me if CASAC can be of further assistance in this matter. We look
forward to receiving the revisions of the secondary standard portion of the Staff
Paper.

Sincerely,
DR. GEORGE T. WOLFF,
Chair, Clean Air Scientific Advisory Committee.
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RESPONSE OF DR. WOLFF TO AN ADDITIONAL QUESTION FROM SENATOR HUTCHINSON

Question. Dr. Wolff, please explain the differences between your recommendation
for a PM standard and the EPA’s proposed standard?

Response. The decision to propose a PMys is consistent with the advice CASAC
gave to EPA. However, CASAC panel members could come to no consensus on the
appropriate ranges or levels for PM, s standards.

The 21 members of the CASAC PM review panel expressed a tremendous diver-
sity of opinion and this is documented in the attached Table that is reproduced from
CASAC’s closure report that was sent to the EPA Administrator. The Table was also
included in my written comments to the Subcommittee. Pertaining to the 24-hour
PM,s NAAQS, only five members recommended a range which included 50 pg/m3
or lower. Four members recommended greater than or equal to the top of EPA’s
range. Four members did not recommend a 24-hour NAAQS. The remaining seven
members merely endorsed the concept of a 24-hour PM,s NAAQS, but declined to
select a value or range. Also note from the Table that the diversity of opinion was
exhibited by the health experts as well as the non-health experts. Clearly, this is
not an endorsement of a 50 Wms3 standard.

For the annual standard, only two members favored a range that went as low as
15 pg/m3. Two members favored 20 pg/m3; one chose 20-30 pg/m3; two chose 25—
30 pg/m3; and eight did not think an annual PM,s NAAQS was needed. The remain-
ing six members merely endorsed the concept of an annual standard but declined
to select a value or range. This is not an endorsement of an annual PM,s NAAQS
of is pg/m3.
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Wolff’s Resp to S Hutchi

Table - Summary of CASAC Panel Members Recommendations
(all units pg/m’)

PM,; | PM,, | PM,, | PM,,
24-hr Annual | 24-hr | Annual
EPA Staff Recommendation 18 -65 12.5-20 150" 40- 50
Discipline of Panel
Member
Epidemiologist’ 20-50 no no 40 - 50
Epidemiologist 20-30 15-20 no 50
Health Effects Expert 20 - 50° 15-20 no 40 - 50
Atmospheric Scientist 20 - 50° 20-30 no 40 -507
Biologist yes® yes® 150 50
Chest Physician yes” yes® 150 50
Atmospheric Scientist yes - yes™ 15077 50
Atmospheric Scientist yes™ yes™ yes' yes'
Atmospheric Scientist yes" yes'® no™ yes'
Epidemiologist’ yes™ no 150 yes’
Atmospheric Scientist yes™ no 150™ 50
Atmospheric Scientist yes 0 | yes™ " no yes
Toxicologist 50 20 150 50
Atmospheric Scientist no 20 150 50
Statistics Expert no 25-30 no yes®
Chest Physician 265 no 150 50
Epidemiologist 75 3530 | 150 30
Biologist 275 no 150 40 - 50
Atmospheric Scientist 275" no 150° 50
Toxicologist no’ no" 150 50
Toxicologist no no 150 50

Thot present at meeting; recommendations based on written comments
? declined to select a value or range
recommends a more robust 24-hr. form
perf:rs a PM,; 5 standard rather than a PM,, standard
* concerned upper range is too low based on national PM, /PM,, ratio
¢ , leans towards high end of EPA’s proposed range
desnes equivalent stringency as present PM,, standards
*ifEPA dccldes a PM, s NAAQS is required, the 24-hr. and annual standards should be 75 and
25 ug/m respectively with a robust form
® yes, but decision not based on epldemmloglcal studies
"low end of EPA’s proposed range is inappropriate; desires levels selected to include areas for which
then: is broad pubhc and technical agreement that they have PM, ; pollution probiems
" only if EPA has confidence that reducing PM, s wil! indeed reduce the components of particles
responslble for their adverse effects
conoemed lower end of range is too close to background
** the annual standard may be sufficient; 24-hour level recommended if 24-hour NAAQS is retained
* George Wolff's recommendation

20f2
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RESPONSES BY DR. WOLFF TO ADDITIONAL QUESTIONS FROM SENATOR BOXER

Question la. After its review of the science, did CASAC make a determination
thgt?there is an adequate scientific basis for the Administrator to revise the stand-
ards?

Response. No. CASAC’s closure on the Staff Papers simply means that the Panels
felt that the documents provided an adequate scientific basis for making regulatory
decisions concerning standards. For ozone, the Panel concluded: “there is no ‘bright
line’ which distinguishes any of the proposed standards (either the level or the num-
ber of allowable exceedences) as being significantly more protective of public
health.” For PM,5s, there was no agreement among the Panel members on the level
or form of the standard.

Question 1b. For both ozone and particulates, did CASAC approve the EPA docu-
ments and the recommended specific ranges for new more stringent standards?

Response. CASAC came to closure on both Criteria Documents and Staff Papers.
Closure on a Criteria Document simply means that CASAC is satisfied that the doc-
ument provides an adequate review of the available scientific data and relevant
studies. Closure on the Staff Papers means that CASAC is satisfied that the docu-
ment will provide an adequate summary of our present understanding of the sci-
entific basis for making regulatory decisions concerning the standards. It is not an
endorsement of EPA’s recommendations or the arguments used by EPA to support
their recommendations.

For ozone, the Panel did not recommend a more stringent standard. “It was the
consensus of the Panel that the ranges of concentrations and allowable exceedences
proposed by the Agency were appropriate,” but this is not an endorsement for a
“more stringent standard” because the range includes 0.09 ppm with five allowable
exceedances which is less stringent than the present 1-hour standard.

For PM, CASAC did not endorse EPA’s recommended range. The 21 members of
the CASAC PM review panel expressed a tremendous diversity of opinion and this
is documented in the attached Table that is reproduced from CASAC’s closure re-
port. The Table was also included in my written comments to the Subcommittee.
Pertaining to the 24-hour PM,s NAAQS, only five members recommended a range
that was within EPA’s recommended range. Four members recommended greater
than or equal to the top of EPA’s range. Four members did not recommend a 24-
hour NAAQS. The remaining seven members merely endorsed the concept of a 24-
hour PM,s NAAQS, but declined to select a value or range (see footnote 2 in the
Table). Also note from the Table that the diversity of opinion was exhibited by the
health experts as well as the non-health experts. Clearly, this was not an endorse-
ment of EPA’s recommended range.

For the annual standard, four members favored a range or value that was within
EPA’s recommended range. Three members favored a higher range and eight did
not think an annual PM,s NAAQS was needed. The remaining six members merely
endorsed the concept of an annual standard but declined to select a value or range.
Again, note from the Table that the diversity of opinion was exhibited by the health
experts as well as the non-health experts. Clearly, this also was not an endorsement
of EPA’s recommended range.

Question Ic. Did CASAC unanimously support moving to an 8-hour standard for
ozone?
Response. Yes, but this is not an endorsement of a more stringent standard.

Question 1d. Did 19 of 21 CASAC members support moving to a fine particulate
standard for particulates?

Response. Yes, but there was no agreement on the level or the form of the stand-
ard. Those who recommended a level near, at, or above EPA’s recommended range
did so as a means of distinguishing between coarse and fine particles in order to
facilitate research and data collection.

Question 2. Scientific studies show that healthy adults can suffer a temporary loss
of lung function of 20 to 60 percent if they exercise outside during summer months.
In face of this evidence, industry representatives claim this is not a health effect
because it is a temporary and reversible effect. What in your personal view, is a
health effect?

Response. The ozone Staff Paper closure letter on page 2 states: “After consider-
able debate, it was the consensus of the Panel that the Agency’s criteria for the de-
termination of an adverse physiological response was reasonable.” For the FEVo
lung function test referred to in the question, the criteria for being adverse were
a 20 percent decrease in performance for a healthy individual and a 15 percent per-
formance decrease for anyone with preexisting respiratory illness.

I am not a physician, so I do not have a personal view.
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Question 3. Some people have suggested that EPA not make regulatory decisions
unless all the raw data that forms the basis of the studies supporting that decision
are made publicly available. Why should industry be able to obtain access to data
gathered by public health researchers in order to challenge the results, but withhold
their own data to public scrutiny?

Response. This 1s an important issue. There have been a number of studies where
researchers have tried to reconstruct the original investigators’ results, but since the
original investigators’ data are unavailable there is no way to be sure the data sets
are the same. Nevertheless, these reanalyses show, in general, that the original in-
vestigators’ results can be replicated only if an identical model and identical as-
sumption are used. Using what the new investigators call equally plausible models
and assumptions, the PM/mortality relationship vanishes. Two of these re-analyses
by the Health Effects Institute and an EPA-funded study by the National Institute
for Statistical Sciences question the validity of a PM/mortality relationship at con-
centrations below the standard. Therefore it is important for independent investiga-
tors to be able to re-analyze original data sets.

In general, most of the data sets can be reasonably reconstructed because the
mortality, pollution, and meteorological data are publicly available. One exception
to this is the Harvard Six City study which EPA has relied upon heavily.

As far as I am aware, all of the PM epidemiological data bases compiled by indus-
try-funding are available to anyone who requests them.

Question 4a. You spent 20 years working for GM is that correct?

Response. Yes. I spent 16 years as an atmospheric science researcher for General
Motors Research Laboratories before becoming chair of CASAC. Prior to that, I was
employed by an environmental control agency.

Question 4b. The auto industry has been a major source of air pollution for both
vehicles and the automotive plants themselves—is that correct?
Response. Yes.

Question 4c. General Motors and the auto industry have historically opposed emis-
sion controls. Over the past 4 years of CASAC’s reviews of the clean air standards
have you had discussions with anyone in GM or the auto industry about the pro-
posed ozone or PM standards?

Response. GM management and I mutually agreed that I would not participate
indGM’s or AAMA’s discussions and activities regarding the PM and ozone stand-
ards.

Question 4d. Do you think GM or the industry would be adversely affected by a
revised ozone or PM standard?

Response. If the proposed standards are adopted, states will need to find signifi-
cant additional emission reductions. All sources that are targeted by a state for ad-
ditional reductions will likely be adversely affected.

Question 4e. Is it not true that last fall you had a briefing for certain selected re-
porters on this subject held at the American Automobile Manufacturers Association
offices? In that case—were you speaking on behalf of the auto manufacturers or on
behalf of CASAC?

Response. As chair of CASAC, the American Automobile Manufacturers Associa-
tion asked me to brief these reporters on what was in the CASAC closure letters.

Question 5. Do your views and assertions reflect the views of CASAC as a whole?

Response. When asked to speak for CASAC, as I have been at these hearings, I
have an obligation to my colleagues on CASAC to portray their views accurately.
I try to accurately portray the issues where we reached consensus and accurately
portray the diversity of opinion that CASAC expressed on other issues. Con-
sequently, I feel the views and assertions that I make in these presentations do re-
flect those of the CASAC members.

Question 6. You have said that in the case of ozone, there is no statistically sig-
nificant difference in public health risk between the current ozone standard (0.12
ppm over a 1-hour period) and the most stringent ozone standard of the range rec-
ommended by CASAC (0.07 ppm over an 8-hour period). According to EPA, there
is a statistically significant difference which although small, represents tens of thou-
sands of people at risk.

What kind of health effects would there be less of at the more stringent 0.07 ppm
standard—and why do you believe that they are not significant?

Response. In the closure report to the EPA Administrator, CASAC concluded that:
“the weight of the health effects evidence indicates that there is no threshold con-
centration for the onset of biological responses due to exposure to ozone above back-
ground concentrations.” CASAC then reviewed EPA’s quantitative risk assessments.
Although EPA’s analysis showed differences among the various standard levels,
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CASAC stated that: “the ranges are not reflective of all of the uncertainties associ-
ated with the numerous assumptions that were made to develop the estimates.” As
a result CASAC concluded: “there is no ‘bright line’ which distinguishes any of the
proposed standards (either the level or the number of allowable exceedences) as
being significantly more protective of public health.” They further state: “Con-
sequently, the selection of a specific level and number of allowable exceedences is
a policy judgment.” This means that CASAC felt there would not be any demon-
strable decrease in the health effect endpoints between the two standards.
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Wolff’s Response to Senator Boxer
Table - Summary of CASAC Panel Members Recommendations
(all units pg/m’)
PMy; | PMy, | PM,, | PM,,
24-hr Annual | 24-hr | Annual
EPA Staff Recommendation 18 -65 12.5-20 150™ 40 - 50
Discipline of Panel
Member
Epidemiologist’ 20-50 no no 40 - 50
Epidemiologist 20-30 15-20 no 50
Health Effects Expert 20 - 50° 15-20 no 40 - 50
Atmospheric Scientist 20 - 50° 20-30 no 40 -50
Biologist yes® yes® 150 50
Chest Physician yes~ yes” 150 50
Atmospheric Scientist yes™* yes™ 150" 50
Atmospheric Scientist yes™ yes™ yes' yes
Atmospheric Scientist yes" yes' no" yes'
Epidemiologist’ yes™ no 150 yes
Atmospheric Scientist yes™” no 150" 50
Atmospheric Scientist yes™ > T yestR no yes'
Toxicologist 50 20 150 50
Atmospheric Scientist no 20 150 50
Statistics Expert no 25-30 no yes”
Chest Physician 265 no 150 50
Epidemiologist 75 25-30" 150 50
Biologist 275 no 150 40 - 50
Atmospheric Scientist 2757 no 150° 50
Toxicologist no- no’ 150 50
Toxicologist no no 150 50

_not present at meeting; recommendations based on Written comments
? declined to select a value or range
*recommends a more robust 24-hr. form
“perfers a M), ; standard rather than a PM,, standard
* concemed upper range is too low based on national PM, y/PM,, ratio
© Jeans towards high end of EPA’s proposed range
7 desires equivalent stringency as present PM,, standards
*if EPA decides a PM, s NAAQS is required, the 24-hr. and annual standards should be 75 and
25 pg/m’, respectively with a robust form
® yes, but decision not based on epidemiological studies
" low end of EPA’s proposed range is inappropriate; desires levels selected to include areas for which
there is broad public and technical agreement that they have PM, s pollution problems
only if EPA has confidence that reducing PM, ; will indeed reduce the components of particles
responsible for their adverse effects
2 concerned lower end of range is too close to background
" the annual standard may be sufficient; 24-hour level recommended if 24-hour NAAQS is retained
* George Wolff’s recommendation

50f5
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RESPONSES OF DR. WOLFF TO ADDITIONAL QUESTIONS FROM SENATOR LIEBERMAN

Question 1. The CASAC closure letter on the primary standard portion of the Staff
Paper for ozone states, “Although it was the consensus of the Panel that the range
of concentrations and allowable exceedances proposed by the Agency were appro-
priate, a number of Panel members expressed “personal” preferences for the level
and number of allowable exceedances. The Staff Paper proposed a range of 8-hour
standard concentrations from 0.07 to 0.09 ppm. The Agency proposed to set the
standard at 0.08 ppm. Isn’t it correct that CASAC reached consensus that the range
proposed by the EPA Staff for the ozone standard was appropriate and that the Ad-
ministrator selected a level from within that range?

Response. The answer is not that simple. One must consider our closure report
as a whole. In the closure report to the EPA Administrator, CASAC concluded that:
“the weight of the health effects evidence indicates that there is no threshold con-
centration for the onset of biological responses due to exposure to ozone above back-
ground concentrations.” CASAC then reviewed EPA’s quantitative risk assessments.
Although EPA’s analysis showed differences among the various standard levels,
CASAC stated that: “the ranges are not reflective of all of the uncertainties associ-
ated with the numerous assumptions that were made to develop the estimates.” As
a result CASAC concluded: “there is no “bright line” which distinguishes any of the
proposed standards (either the level or the number of allowable exceedences) as
being significantly more protective of public health.” They further state: “Con-
sequently, the selection of a specific level and number of allowable exceedences is
a policy judgment.” This means that the decisions to select a given level or number
of allowable exceedances within their proposed ranges cannot be based on science.

Question 2. In addition to changing the level of the ozone standard, EPA changed
the form of the standard to make compliance easier. Do you agree with EPA’s
changes in the form of the standard? When CASAC’s members made their rec-
ommendations as to the level of the standard, did they take into account these
changes in the form of the standard?

Response. First of all the form was not changed to make compliance easier.
CASAC recommended that the standard be changed to a more robust (stable) form
so extreme and unusual meteorological events do not cause an area, which is close
to meeting or has just attained the standard, to bounce in and out of attainment
year after year. By making the standard more robust, it is easier to stay in attain-
ment, but it is also more difficult to reach attainment. Even EPA’s proposal is still
not as robust as some of the members would have liked.
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PREPARED REMARKS
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AFFILIATION: New York University Medical Center
RELEVANT PERSONAL BACKGROUND

1. Academic Peer-Reviewed Research Incorporated into O3 and PM Criteria Documents,
on:
a) Respiratory tract deposition and clearance of airborne particles
b) Controlled human and animal inhalation studies of physiological responses to
acidic particles
<) Field studies of population responses to air pollution exposures
d) Development and evaluation of air sampling and monitoring techniques
2. Federal Agency Service on Committees Focussing on Inhalation Hazards
a) Chair, Clean Air Scientific Advisory Committee (CASAC) (1983-'87)
b) Member, CASAC Subcommittees on O3 (1988-1997) and PM (1993-1997)
<) Chair, Physical Effects Review Subcommittee of Clean Air Act Advisory Council
(1994-1997)
d) Chair, EPA Science Advisory Board (SAB) Review Committee for Risk
Assessment for Environmental Tobacco Smoke (1991-1993)
e) Chair, SAB Review Committee for Risk Assessment for Dioxin and Related
Compounds (1994-1997)
f) Co-Chair, 4th Task Force for Research Planning in Environmental Health
Sciences, National Institute of Environmental Health Sciences (1992)
g) Chair, Board of Scientific Counselors, National Institute for Occupational Safety
and Health (1990-1992)
3. Academic Air Pollution Research Study Advisement
a) Member and Chair of External Advisory Comm., Harvard 6-Cities Study
(1978-1987)
b) Member of External Advisory Comm., Harvard - Health Canada - Multity Air

)

Pollution Health Effects Study (1987-1991)

Chair of External Advisory Comm., USC - CA Air Resources Board Study of
Effects of Air Pollution on Children (1992-present)
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OUTLINE OF STATUTORY AND SCIENTIFIC BASIS FOR PROPOSED O3 AND PM

STANDARDS
1.

Statutory Requirement Mandates Periodic (Nominally 5 yr) Reviews of Adequacy of
National Ambient Air Quality Standards (NAAQS)

There is growing Scientific Peer-Reviewed Evidence for Adverse Human Health Effects
at Ambient Concentrations within Previous NAAQS for PM (revised in 1987) and O3
(last revised in 1979) .

There have been extraordinarily Thorough Reviews of Evidence were Conducted by
EPA, CASAC, and Public Sector. They provide an Open Record for EPA Administrator
and Congress

There were Strong CASAC Consensus Conclusions with Respect to:

a)

b)

)

d)

e)

8)

h)

Need for more targeted indices of relevant exposure, e.g., 8-hr avg. O3, and 2.5
pm cut-size for PM (PM25)

Need for more robust criteria for daily NAAQS exceedances, i.e., multiple times
rather than single

Adverse health effects are occurring in U.S. communities currently in compliance
with existing NAAQS

Adverse effects are evident for sensitive subpopulations and may not affect most
people (very large numbers of affected people, but low % of total population)

There are no identifiable threshold exposures for associations between PM and
O3 concentrations and adverse health effects

PM3 5 and O3 are largely formed in the atmosphere from gaseous precursors, are
relatively uniformly distributed over large regions (hydrocarbons and nitrogen
oxides (NOx) react to form O3, and organic components of PM3 5; NOy, SO; and
photochemical oxidants react to form inorganic components of PM2_s5 (sulfates
and nitrates)

Control strategies for PM2 5 and O3 need to be implemented together and on
broad geographic scales

Existing statutes and evidence thus presents difficult policy dilemmas to EPA
Administrator and Congress (reducing PM and O3 concentrations can reduce,
but not eliminate, excess mortality and morbidity
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Eurther Conclusions on PM by CASAC Panel Members with Relevant Experience in
Environmental Epidemiology (excerpts from supplemental letter of 3/30/96 by
Lippmann, Shy, Speizer, and Stolwijk-Appendix H of PM Staff Paper).

In our judgment, the studies reviewed in the criteria document, specifically those
considered in Chapter 12 (Epidemiological Studies), are persuasive in demonstrating a
causal relationship between particulate air pollution, as measured by different methods
in the various studies, and excess mortality and morbidity. .

The reasons for concluding that particulate air pollution is causally related to excess
mortality and morbidity are summarized here:

. A large number (20) of epidemiological time-series studies have consistently
found a statistically significant association between daily variation in particulates
and total mortality in cities of the U.S., Canada, Latin America, the U.K., and
continental Europe. These findings argue against the associations being
attributable to statistical sampling variation, i.e., the role of chance.

. The results of these time-series studies cannot be attributed to the vagaries of
statistical modeling, nor to confounding by season or weather.

. The results of the time-series studies cannot be attributed to other criteria air
pollutants.... Across the range of the 20 studies mentioned above, particulate air
pollution is the only pollutant that is consistently associated with excess daily
mortaiity, and the estimate of its effect is relatively stable when adjusted for the
presence of co-pollutants. No monitored air poilutant, other than particulate
matter, can account for the consistently observed excess mortality in these
studies. Excess morbidity from cardiopulmonary diseases has also been
observed in a considerable number of studies, and the morbidity relationship
with ambient particulate concentrations is stronger overall and more consistent
than for any other air pollutant.

. There is considerable coherence between the observed mortality and morbidity
effects of particulate air pollution. Not only is excess mortality from
cardiovascular and respiratory diseases observed, but on days of higher
particulates excess hospitalizations for cardiovascular and respiratory diseases
are reported. On days of high particulates, there is an increased proportion of
deaths from chronic obstructive pulmonary disease, pneumonia, heart disease
and deaths among the elderly than on days of low particulates. These findings
are supportive of a causal role for particulate air pollution, since they are health
endpoints one would most anticipate from exposure by the inhalation route.

Given the striking consistency of the above studies, their robustness to variations in
statistical modeling, the coherence among different but closely related health endpoints,
and the empirical elimination of any alternative explanation for the findings, we
conclude that a causal interpretation for particulate air pollution exposure is reasonable
and defensible. This conclusion is further supported by longitudinal cohort studies of
populations in which a geographical gradient in particulate air poliution was associated
with a corresponding gradient in total mortality, in cardiopulmonary mortality and in
lung cancer. These studies carefully controlled for other individual risk factors for these
health endpoints.
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Although population exposure to air pollution cannot be perfectly estimated based on
central monitoring, these inherent errors in exposure estimation are more likely to cause
an underestimation of the adverse health effects associated with pollution exposure,
particularly in longitudinal cohort studies where individual risk factors and exposures
are directly related to health effects. Thus the consistent positive findings cannot be
attributed to exposure measurement error. Furthermore, there is growing evidence that
fine particles are more uniformly distributed over large geographic areas than are coarse
particles, that measurements at one site give a reasonable estimate of the fine particulate
concentrations across a city, and that fine particles penetrate and have longer lifetimes
indoors than coarse particles. This evidence supports using ambient measures of fine
particulates at a central site as an acceptable estimate of the average exposure of people
in the community. For these reasons, we judge that uncertainties arising from air
monitoring and human exposure estimation do not negate the consistent excess
mortality and morbidity associations discussed above.

We believe that the case has been made that fine particulates, as measured by PM3 5, are
the best surrogate currently available for the component of particulate air pollution that
is associated with excess mortality and morbidity. We are not claiming that PM3 5 is the
causal agent, but rather that PMj 5 is a better measure than any alternative metric, of the
complex in the particulate mass that is causing excess mortality and morbidity. Excess
mortality, hospital admissions for respiratory diseases and decreased lung function are
more strongly and consistently associated with fine rather than with coarse mode
particulates.

The Health Effects Institute (HEI) reanalysis does not contradict any of the above
conclusions. The HEI analysis conclusively demonstrated that the positive findings
from the original studies selected for reanalysis were replicable, were not an artifact of
statistical modeling, and were not confounded by idiosyncrasies in the method to
control for season or weather. The HEI investigators appropriately concluded that,
because of the high intercorrelations between pollutants in Philadelphia, mortality
effects could not be attributed solely to particulates. More importantly, in their further
report on this phase of their study, they concluded that “insights into the effects of
individual criteria pollutants can be best gained by assessing effects across locations
having different pollutant mixes and not from regression modeling of data from single
locations.”

In our judgment, EPA has appropriately synthesized this evidence and drawn a
responsible public health conclusion, namely, that particulate concentrations at current
levels are causally associated with excess mortality and morbidity. Furthermore, we
agree that fine particulates, as currently indexed by PM3 5, are the most appropriate
indicator for the component of the particulate air mass to which these adverse effects are
attributed. We also agree that some adverse health effects may be related to the coarse
particulate mode, and that therefore it is desirable to consider fine and coarse mode
particulates as separate candidates for air quality standards.
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MY RECOMMENDATIONS TO CONGRESS

L

Recognize that EPA Administrator has made a prudent public health judgment in her
PM and O3 NAAQS selections.

The health benefits (cost avoidancez to be derived by implementation of the new PMy 5
NAAQS will far exceed the costs of control implemeéntations. The benefit/cost ratio for
implementing compliance with the revised O3 NAAQS is not as great, but it should be
recognized that reductions in O3 formation will also reduce M3 5 formation and
ambient air concentrations and will also therefore contribute to the benefits associated
with reductions in PM3 5 exposures.

For O3, the current NAAQS of a 1-hr max of 120 ppb not be exceeded more than 4 times
in 3 yrs is equivalent to an 8-hr max of 90 ppb based on the 3rd highest 8-hr value in a
year. Thus, the proposed 8-hr max of 80 p% is only a modest O3 NAAQS reduction. By
contrast, the Air Quality Guideline for (f; of the World Health Organization-European
Region (WHO-EURO), adopted late in 1996 is an 8-hr maximum of 60 ppb. Inmy view,
the 8 hr-80 ppb proposal is a prudent step in the right direction at this time and
recognizes that any lower limit is probably not achievable without draconian controls.
The major advance is the shift to an 8-hr averaging time, providing a much sounder
basis for evaluating the public health risk from community exposures.

For PM1g, the 50 ng/m3 annual average would be retained without change. and the 24-

hr PMjp would be relaxed by applying it only to the 98th% value (22nd highest) rather

than to the 4th highest over3 yrs. It is only by implementing the new PM2 5 NAAQS

that the degree of public healtK protection would be substantially advanced, and then

gr}ly ifnPtll\\/[e eastern U.S. and in some large cities in the west where fine particles are major
o’s 0 10-

Recognize that 1990 CAA-Title | implementation already underway (SO and NOx
emission reductions) will reduce the numbers of communities in exceedance of the
proposed PM2 5 NAAQS relatively soon.

Recognize that the new PM25 NAAQS cannot be implemented immediately, and
prudent implementation schedules can be devised and implemented to minimize
economic disruptions.

Recognize that the causal factors within PM; 5 for the consistent and coherent
associations between PM3 5 in community air and excess daily and annual mortality,
excess emergency room and hospital admissions for respiratory diseases, lost time from
work and school, respiratory symptoms, and reduced lung functions are not yet
established in terms of %iological mechanisms. However, it has clearly been shown that
they cannot be attributed to other hypothesized environmental factors such as other .
criteria air pollutants, aeroallegens, or meteorological variables. The situation is
analogous to that for another commonly encountered respiratory irritant, i.e.,
environmental tobacco smoke, where the epidemiological evidence for adverse
respiratory effects in children is overwhelming, and there is significant evidence for
excess lung cancer in adults as well.

Recognize that more definitive laboratory and epidemiological research on causal factors
is now becomiing feasible as epidemiologic investigative techniques and animal models
for susceptible segments of the population are being established and validated. With a
reasonable and prudent level of additional research funding for EPA and NIEHS,
identification of the biological mechanisms, the chemical and physical properties of the
active components of PM, and the exposure-response relationships, can be more fi
establishedpwithm the next five years. Such knowledge is essential for the design and
implementation of cost-effective control strategies, and for the further revisions of the
PNFNAAQS that will be required early in the next century.
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Recognize that while the costs of the research recommended above are substantial (on

the order of $50x1 r year), they are quite small in relation to the control costs that

can be more effectively eted and reduced throuil:a the knowledge gained, and also

?rmal.l t}“\‘ compa{ison to the health benefits resulting from exposure reductions resulting
om the controls.
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RESPONSES OF DR. LIPPMANN TO ADDITIONAL QUESTIONS FROM SENATOR HUTCHISON

Question 1. Dr. Lippmann in your statement, you take a very strong position that
EPA has appropriately synthesized the available evidence and drawn a responsible
health conclusion that particulate concentrations at current levels are causally asso-
ciated with excess mortality and morbidity. You go on to state that you are not
claiming that the PMss level is the causal agent but that it is the best measure of
any other metric level. As we have determined, there was no unanimous agreement
on the particulate standard. Considering EPA’s proposal completely, as I under-
stand, the only unanimous agreement was in ozone, which was to replace the 1 hour
exposure standard with an 8-hour standard.

Response. With regard to the proposed PM,s standard, 19 of 21 Panel members
agreed that one was needed. The basis was that there was a closer association be-
tween PMys and excess mortality and morbidity than with any other previously
used measures of fine particle concentration. We do not yet have sufficient monitor-
ing data on the concentrations of PM,s components to determine whether any of
them would produce even better degrees of association. If future research can estab-
lish better associations of this kind, then the fine particle standards to be estab-
lished in the next century can be based on them.

Question 2. If these standards are accepted, can you say definitively how quickly
the effectiveness can be measured (such as a reduction in childhood asthma and
mortality rates, due to respiratory diseases)?

Response. With regard to the timeframe for being able to observe reductions in
adverse health effects due to ozone and fine particles, no clear answer is possible
at this time. One factor is the timetable for implementation of the revised stand-
ards. Benefits can only begin to occur after airborne concentrations actually come
down. For those effects which result from periodic peak exposures, such as exacer-
bation of asthma, the frequency should go down in proportion to the reductions in
exposure. On the other hand, for excess annual mortality and baseline reductions
in lung capacity, which are attributable to long-term chronic exposures and the
damage they produce, there is likely to be a lag of several years, or even decades,
before the rates improve.

RESPONSES OF DR. LIPPMANN TO ADDITIONAL QUESTIONS FROM SENATOR BAUCUS

Question 1. You stated that it makes sense to set standards for ozone and PM;5s
at the same time. Could you explain why this is and what the advantages are of
regulating ozone and PM; s together?

Response. With regard to the advantages of setting standards for ozone and PM;5
at the same time, the main reason is that both pollutants are secondary pollutants
that form in the atmosphere following chemical reactions among gaseous precursors.
The gaseous precursers come from broadly distributed common sources, especially
stationary source combusters and motor vehicles, and a common control strategy
will be needed to reduce them. The photochemical reaction sequences that require
hydrocarbon vapors, nitrogen dioxide, and sunlight lead to ozone formation also lead
to the formation of organic fine particles and hydroxl ions. The hydroxl ions acceler-
ate the transformation of sulfur dioxide and nitrogen oxide vapors from combusters
into nitric and sulfuric acids and their neutralization products, which are also fine
particles.

Question 2. An issue was made over the relative risk factor for the PM, s studies—
whether it was too low to support a sufficient degree of scientific certainty. Can you
explain the use of the relative risk factor and how it applies to the PM>s debate?

Response. With regard to the relative risk (RR) factors obtained from the epide-
miological studies based on PM>s and PMiq, the relatively low RR values indicate
that only a small fraction of the overall population has been affected. However, a
very small fraction of a very large population can account for large numbers of af-
fected people and a relatively large population impact in relation to other hazards
associated with exposure via air, drinking water, foods, etc. Many of the
macroepidemiological studies reporting RR values at about 1.05 were based on large
city populations. Most of them indicate statistically significant exposure-response re-
lationships and none of the suggested confounding factors has accounted for the gen-
erally consistent findings.
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RESPONSES OF DR. LIPPMANN TO ADDITIONAL QUESTIONS FROM SENATOR LIEBERMAN

Question 1. One of the criticisms of the science of particulate matter is that when
you look at results from particular cities and add different corrections for heat and
humidity, or break up the analysis of a year’s worth of data to look at a specific
season or day, the data appear to contradict the results from earlier studies. What
are the dangers of looking at only small portions of an entire data set? Is it reason-
able that a small subset of the data might be contradictory while the weight of evi-
dence suggests that there are severe consequences of particulate matter pollution?
Has any reevaluation of epidemiological studies on particulate matter been per-
formed that contradicts the earlier results?

Response. With regard to the interpretation of diverse epidemiological studies in
different cities, it is relatively easy to find apparent disagreements among the ana-
lysts. Some of it derives from the limited statistical power of some studies to detect
an association that is real because of the quality or size of the available data bases.
Other disagreements arise because of the different modelling choices made by the
analyst. What is truly remarkable about the epidemiological studies with PM is
their overwhelming consistency in finding small but significant excess risks in stud-
ies having the statistical power to detect such risks. Some of the analysts who want
to negate such risks often segregate their data into smaller subsets which limits
their analytic power, or they use less appropriate models or assumptions than the
mainstream group of experienced analysts.

Question 2. Isn’t it correct that CASAC heard testimony from a wide range of sci-
entists, including Dr. Smith and Dr. Wyzga, and still decided that the science was
sufficient for EPA to make a regulatory decision on setting a standard for fine par-
ticles?

Response. Drs. Smith and Wyzga had ample opportunity to present their analyses
and findings to CASAC during the various public review sessions. They also had the
opportunity to interact with the Panel and respond to the Panel members questions
following their presentations. The CASAC consensus followed these discussions.

Question 3. Did the CASAC panel on which you served in 1989 conclude that the
current ozone standard provides “little, if any” margin of safety?

Response. The CASAC panel did, in fact, conclude in 1989, that the 1-hr, 120 ppb,
l-exceedance standard for ozone provides “little, if any” margin of safety.

Question 4. In addition to proposing a level of the PM,s standard, EPA proposed
a form of the standard to make compliance easier. When CASAC’s members made
their recommendations, did they take into account these changes in the form of the
standard? Is it possible to compare directly the personal preferences of CASAC
members and the level of the standards EPA ultimately proposed?

Response. When the CASAC members were asked by Dr. Wolff to express their
personal preferences for a 24 hr PM,s standard, they had already reached a consen-
sus judgment that a multiple exceedance form was desirable. However, they did not,
nor could they, know that the Administrator would select a 98th percent form, i.e.,
permitting 7 daily exceedances in an average year. I believe most members were
thinking of 3 to 5 permissible exceedances. In any case, there is no great difference
among these numbers of exceedances in stringency for a given numerical concentra-
tion limit.

Question 5. Dr. Wyzga testified that a number of uncertainties make attribution
of premature death and illness to particulate matter exposure difficult. Have you
evaluated these issues? Could you comment on the nature of these uncertainties?
In your view, do they prevent attributing premature death and illness to particulate
matter pollution?

Response. It is difficult to make a precise attribution of premature death and ill-
ness to PM because of our limited abilities to precisely characterize relevant PM ex-
posures and to make appropriately allowances for other causes of mortality and
morbidity in large populations. Thus, there is uncertainty about the extent of the
response attributable to PM. On the other hand, the overwhelming consistency and
coherance of the responses seen in numerous studies in cities having different cli-
mates and pollution mixtures leaves little doubt that PM is causing at least some
substantial number of cases of excess mortality and morbidity at concentrations
below the current standard.

Question 6. Dr. Wyzga also testified that no one knows if the proposed particulate
standards will lead to improvements in public health. What is your view of that con-
clusion?

Response. It follows clearly that since current PM exposures are causing excess
mortality and morbidity, and exhibit no evidence for a threshold for such effects,
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that the proposed standards, which provide for some reductions in permissible expo-
sure will lead to proportionate improvements in public health.

RESPONSES OF DR. LIPPMANN TO ADDITIONAL QUESTIONS FROM SENATOR BOXER

Question 1. Scientific studies show that healthy adults can suffer a temporary loss
of lung function of 20 to 60 percent if they exercise outside during summer months.
In the face of this evidence, industry representatives claim that this is not a health
effect because it is a temporary and reversible effect. What in your personal view,
is a health effect?

Response. Temporary losses of lung function are a measurable effect in natural
populations engaged in outdoor recreation at ozone concentrations as low as 0.06
ppm. In controlled ozone exposure studies at 0.08 ppm lasting 6.6 hours with mod-
erate exercise, some healthy adults have function decrements that are greater than
20 percent and by common consent, and by CASAC endorsement, such decrements
are considered adverse responses. Importantly, such chamber exposures also
produce evidence of lung inflammation and enhanced responsiveness to bronchial
airway stimulants. While the respiratory function responses are no longer detectable
the next day, the other, potentially more serious responses do not disappear as rap-
idly. In asthmatic children exposed to ozone at a summer camp where concentra-
tions were within the current standard, there were more symptoms and extra medi-
cation usage in proportion to the ozone concentration in the air, as well as reduced
lung function. Such responses in these children with compromised health status is
clearly an adverse effect.

We also know that ozone, at low concentrations results in excess emergency room
and hospital admissions for respiratory diseases conditions. Furthermore several re-
cent papers, not available at the time of CASAC closure, document excess mortality
associated with peak ozone exposures that is independent of PM effects on daily
mortality.

Question 2. Why does the bottom of the recommended range stop at 0.07 parts
per million of ozone? What are the health effects that influence your judgment?

Response. The designation of 0.07 ppm as the lower bound of the range was based
on the EPA Staff judgment that the effects remaining at that level were too small
and/or affected too few people to warrant considering them adverse from a public
health perspective.

Question 3. On March 20 1996, you and three other members of the CASAC panel
on Particulate Matter sent a letter to EPA Administrator Browner giving additional
views on PM. Would you please briefly summarize that letter?

Why did you write the letter? Do you believe that the four of you that signed that
loicter?had any special expertise that other members of the CASAC panel; did not
share?

Response. The letter that you refer to is available in full as Appendix K of the
EPA Staff Paper for Ozone. It is available to you in abbreviated form in my formal
prepared remarks, which I submitted prior to the February 5 Hearing.

We wrote the letter because of our concerns that the CASAC letter, which we en-
dorsed as a summary consensus statement on key issues, did not provide all of the
critical health effect issues and concerns in sufficient detail to guide the EPA Staff
in the preparation of their final version of the Staff Paper. We felt that we, collec-
tively, had more relevant direct experience on the interpretation of the air pollution
epidemiology than most other members who were selected for expertise in areas
such as ecological effects, meteorology, sampling and analyses, clinical medicine, etc.

Question 4. Some industry experts say we should wait before we set a new PM;5
standard until we conduct research to identify the exact causal agent In other
words, determine exactly what component is causing the premature deaths and ill-
ness. Why should we not wait?

Response. If we wait, we will deny protection against the known adverse effects
that current exposures within the existing PMio standards are producing. Also, we
would not be moving against sources of fine particle precursor gases as effectively
as we could if we have PM, s standards.

Question 5. Industry asserts that human chamber studies of ozone are not rep-
resentative of real exposures because artificially produced ozone is used and activi-
ties do not represent real world activities. Are these assertions correct?

Response. To the extent that the chamber studies are unrealistic, it is because
they tend to underestimate the effects produced by ozone in natural settings, and
because they are largely conducted using populations that do not include represent-
atives of the most sensitive subpopulations. In my own research on children and
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adults in natural settings, I have seen greater responses to ozone than those re-
ported in the controlled exposures in chambers. Healthy children have greater func-
tional responses than children in chambers. Many of the healthy adults engaged in
lunchtime jogging or brisk walks in a rural setting self-selected exercise levels
greater than those considered very high by chamber investigators and had func-
tional decrements after half-hour exposures comparable to 2-hour exposures in
chambers. In our studies of asthmatic camp children, we found comparable func-
tional responses to healthy children but for lower breathing rates, and we also found
asthma exacerbations in terms of more frequent symptoms and increased medica-
tion usage.

Question 6. Industry discounts studies showing health effects of ozone on children
in summer camp because they are exposed not only to ozone, but to other pollutants
and allergens which may cause which may cause the adverse affects.

Response. In the summer camp studies the children are also exposed to other pol-
lutants and allergens. However, their functional responses to ozone are not measur-
ably influenced by these other exposures and they go up and down with ozone con-
f)entr(alltionds. Thus, it is only by controlling ambient ozone levels that the effects can

e reduced.

PREPARED STATEMENT OF DR. GEORGE D. THURSTON, ScC.D., ASSOCIATE PROFESSOR,
DEPARTMENT OF ENVIRONMENTAL MEDICINE, NEW YORK UNIVERSITY SCHOOL OF
MEDICINE

Mister Chairman and members of the Subcommittee, I am George D. Thurston,
a tenured Associate Professor of Environmental Medicine at the New York Univer-
sity (NYU) School of Medicine. My scientific research involves investigations of the
human health effects of air pollution.

I am also the Director of the National Institute of Environmental Health Sciences’
(NIEHS) Community Outreach and Education Program at NYU. A goal of this pro-
gram is to provide an impartial scientific resource on environmental health issues
to decisionmakers, and that is my purpose in speaking to you here today.

Ozone (O3) is a highly irritant gas which is formed in our atmosphere in the pres-
ence of sunlight from other air pollutants, including nitrogen oxides and hydro-
carbons. These “precursor” pollutants, which cause the formation of ozone, are emit-
ted by pollution sources including automobiles, electric power plants, and industry.

The adverse health consequences of breathing ozone at levels below the current
U.S. National Ambient Air Quality Standard (NAAQS) of 120 parts per billion (ppb)
are serious and well documented. This documentation includes impacts dem-
onstrated in controlled chamber exposures of humans and animals, and observa-
tional epidemiology showing consistent associations between ozone and adverse im-
pacts across a wide range of human health outcomes. The noxious nature of ozone
is also evidenced by the way it visibly “eats away” at materials such as rubber, an
elastic substance sharing characteristics with human lungs.

Observational epidemiology studies have shown compelling and consistent evi-
dence of adverse effects by ozone below the current U.S. standard. These studies fol-
low people as they undergo varying real-life exposures to pollution over time, or
from one place to another, and then statistically intercompare the health impacts
that occur in these populations when higher (versus lower) exposures to pollution
are experienced. These epidemiologic studies are of two types: (1) population-based
studies, in which an entire city’s population might be’ considered in the analysis;
and (2) cohort studies, in which selected individuals, such as a group of asthmatics,
are considered. Both of these types of epidemiologic studies have shown confirm-
atory associations between ozone air pollution exposures and increasing numbers of
adverse impacts, including:
decreased lung function (a measure of our ability to breathe freely);
more frequent asthma symptoms;
increased numbers of asthma attacks;
more frequent emergency department visits;
additional hospital admissions, and;

¢ increased numbers of daily deaths.

In my own research, I have found that ozone air pollution is associated with in-
creased numbers of respiratory hospital admissions in New York City, Buffalo, NY,
and Toronto, Ontario, even at levels below the current standard of 120 ppb. My
ozone-hospital admissions results have been confirmed by other researchers consid-
ering locales elsewhere in the world. The U.S. EPA used my New York City asthma
results in their “Staff Paper” when estimating the health benefits of lowering the
ozone standard. However, they failed to consider other respiratory admissions af-
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fected, such as for pneumonia or bronchitis. Thus, considering the published results
from various cities, the EPA analysis underpredicts the respiratory hospital admis-
sion benefits of their proposed regulations by about a factor of two.

This month, the results of a study I conducted on the effects of air pollution on
children at a summer “asthma” camp in Connecticut will be published. This study
of a group of about 50 moderate to severely asthmatic children shows that these
children experience diminished lung function, increased asthma symptoms, and in-
creased use of unscheduled asthma medications as ozone pollution levels rise. On
the highest ozone days, the risk of a child having an asthma attack was found to
be approximately 40 percent greater than on an average study day, with these ad-
verse effects extending to below 120 ppb Os.

More recently, I have found that daily mortality also rises after high ozone days
in the U.S. cities of New York City, Atlanta, Detroit, Chicago, St. Louis, Minneapo-
lis, San Francisco, Los Angeles, and Houston, even after accounting for other factors
such as season and weather, and at ozone levels below the current NAAQS. I find
that the risk of death rises by about 6 percent on ozone days having a 1-hour maxi-
mum of ozone that is 100 ppb above the average. While not yet published, these
U.S. results are supported by previously published results, and by a recent spate
of new papers by other researchers showing similar associations between ozone an4
human mortality around the globe. Recently published studies have shown this rela-
tionship in: London, Amsterdam, and Belgium. In addition, papers recently submit-
ted for publication have also shown similar associations between ozone exposure and
human mortality in both Rotterdam, the Netherlands, and Brisbane, Australia.

It is important to keep in mind that the above described epidemiology is sup-
ported by a large body of knowledge from controlled exposure studies that give con-
sistent and/or supportive results, and that have demonstrated pathways by which
ozone can damage the human body when it is breathed. Clinical studies have dem-
onstrated decreases in lung function, increased frequencies of respiratory symptoms,
heightened airway hyper-responsiveness, and cellular and biochemical evidence of
lung inflammation in healthy exercising adults exposed to ozone concentrations as
low as 80 parts per billion for 6.6 hours.

Airway inflammation in the lung is among the serious effects that have been dem-
onstrated by controlled human studies of ozone at levels typically experienced by
most Americans. Airway inflammation is especially a problem for children and
adults with asthma, as 1t makes them more susceptible to having asthma attacks.
For example, recent controlled human studies have shown that prior exposure to
ozone enhances the reactivity of asthmatics to aeroallergens such as pollens, which
can trigger asthma attacks.

In addition, increased inflammation in the lungs can make the elderly more sus-
ceptible to pneumonia, a major cause of illness and death in this age group.

It has been argued that, since the prevalence of asthma has risen over the last
decade while air pollution levels have not, air pollution cannot be affecting asthma.
However, this is not correct. This trend merely indicates that air pollution probably
does not cause’ people to become asthmatic, but it does not contradict the fact that
air pollution adversely affects those who already have asthma. Indeed, as the asth-
ma “epidemic” causes the number of persons with asthma to rise, whatever the
cause of this “epidemic” turns out to be, there is a bigger and bigger percentage of
the U.S. public who can be severely affected by air pollution.

The EPA has proposed a standard of 80 ppb averaged over an 8-hour period, rath-
er than the existing 120 ppb limit for the highest hour of each day. The switch to
an 8-hour average is clearly appropriate, based on the scientific evidence that the
cumulative effects of multiple hours of exposure are worse for people than a single
peak hour of exposure. However, since significant adverse effects are well docu-
mented down to the 80 ppb level, the EPA proposal provides no margin of safety.
This is especially true since the proposed law will allow several exceedances of this
level before a violation is cited. Thus, the health evidence would indicate that a
standard set at 70 ppb ozone averaged over an 8 hour period is needed, if any mar-
gin of safety is to be provided to she public, rather than the 80 ppb recommended
by the EPA.

On this subject, it is interesting to note what levels other deliberative bodies have
recommended regarding permissible ozone levels. In Canada, the daily 1-hour maxi-
mum allowed is 80 ppb of ozone, which is roughly equivalent to an 8 hour limit of
about 60 ppb ozone. In addition, The World Health Organization (WHO) recently re-
leased their “Update and Revision of the Air Quality Guidelines for Europe”, and
they similarly recommended an 8-hour average guideline of 60 ppb for ozone. Also,
the American Conference of Governmental Industrial Hygienists (ACGIH) has re-
cently proposed lowering the widely’ employed workplace Threshold Limit Value—
Time Weighted Average (TLV-TWA) limit for ozone to 50 ppb over an 8-hour work
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day for workers under heavy exertion. This would indicate that healthy American
workers need to be protected from levels that would be perfectly legal for the rest
of us to breathe under the US EPA’s proposals. The EPA’s new proposed ozone limit
is weak when compared to standards set or recommended by others.

It is also important to remember that the EPA proposed ozone standard is less’
stringent than the Oz limit that prevailed in the U.S. during the 1970’s, before the
EPA decided to relax the limit to 120 ppb in February, 1979. Until that time, our
standard was the same as the Canadians: 80 ppb ozone as a daily 1 hour maximum,
or equivalent to about a limit of 60 ppb when averaged over 8 hours. Thus, while
the EPA proposal is more stringent than the existing law, it is far less restrictive
than the law of the land in the U.S. during the 1970’s.

In conclusion, I would like to reiterate the key messages contained in the letter
that I and 26 other air pollution researchers and physicians sent to President Clin-
ton last month:

« Please listen to the medical and scientific community on this issue.

» Exposures to Oz and PM air pollution have been linked to medically significant
adverse health effects.

N . l’Igle current NAAQS for these pollutants are not sufficiently protective of public
ealth.

Thank you for the opportunity to speak to you on this important issue.

RESPONSES OF DR. THURSTON TO ADDITIONAL QUESTIONS FROM SENATOR LIEBERMAN

Question la. Are hospital admissions the only indicator of adverse health effects
due to ozone?

Response. Looking only at the asthma hospital admissions effects of ozone gives
an extremely narrow insight into the wide scope of adverse consequences presently
experienced by the public as a result of ozone exposure. We know, from published
research, that hospital admissions resulting from ambient ozone are near the tip of
an “iceberg” of adverse health effects from ozone exposure. Beneath this “visible” tip
of the iceberg are effects not routinely documented, such as emergency department
visits, asthma attacks, emergency visits to private physicians, increased medication
use, restricted activity days (e.g., work days lost), more frequent respiratory symp-
toms, diminished quality of life (e.g., due to reduced ability to walk up stairs, etc.),
and other impacts of which we are as yet unaware. For example, as detailed later
in this response, available studies indicate that, for every ozone induced asthma
hospital admission recorded, there are another 7 persons who became ill enough be-
cause of ozone to require a visit to the hospital emergency department (ED), and
some 700 asthma attacks because of ozone. Thus, it would be a serious mistake to
think that counts of emergency hospital admissions resulting form ozone exposure
even begin to reflect the much larger scope of the adverse human health effects and
the medical costs presently being visited upon the American people by ozone expo-
sures, especially among children and the elderly.

For example, I recently conducted an epidemiologic study following approximately
55 children with moderate to severe asthma attending a summer “asthma camp” in
eastern Connecticut (“Summertime Haze Air Pollution and Children with Asthma”,
published in the American Journal of Respiratory and Critical Care Medicine. 1997.
Vol. 155. pp. 654-660). The results of this study showed that increasing numbers
of these children experienced debilitating asthma attacks when ozone pollution lev-
els increased, as displayed in the attached figure entitled, “Daily Asthma Attacks
in Children Increase as Ozone Levels Rise”. However, none of these children ended
up at the hospital to be “counted” as hospital admissions. Thus, many asthmatics
who suffer attacks just suffer in silence, or visit their private doctor, or visit a hos-
pital emergency department. However, since they were never formally admitted to
a hospital, we don’t have the statistics to document their suffering, so that these
impacts are ignored by risk assessments based solely on hospital admissions.
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Quiis?tion 1b. What are the limitations of the U.S. EPA’s risk assessment in this
regard?

Response. There are several problems associated with the EPA hospital admis-
sions risk assessment discussed at this hearing: one has to do with the inherent lim-
itations in all such risk assessments; one has to do specifically with EPA’s narrow
focus in this risk assessment case; and one has to do with the way the EPA risk
assessment results are being used out of context.

First, risk assessment is ultimately, a reductionist exercise which considers only
the health outcomes and effects for which data happen to be available. In epidemiol-
ogy, which provides a key input to risk assessment, we are largely limited to “look-
ing under the lamppost” for effects. This is because the expense of collecting the
data required to assess all of the potential effects are beyond the allocated research
budgets of most or all funding sources. As a result, we often look at available rou-
tinely collected records, such as for mortality and hospital admissions. But even
these data are limited. Most States have only recently started uniform collections
of hospital admissions records, and many still do not. With mortality, the cause of
death is poorly reported, and death counts are available by county, limiting our abil-
ity to conduct mortality studies focused on key population subsets or locations. More
importantly, most of the health outcomes which should be considered by risk assess-
ments are not, merely because data records for them just don’t exist. Thus, the risk
assessment process is fated to consistently underrepresent the scope of the health
impacts resulting from environmental contaminants.

In this specific risk assessment case, the EPA OAQPS Ozone Staff Paper (EPA-
452/R-96-007) asthma hospital admissions risk assessment biases the scope of the
ozone effects estimates downward further, because it presents only a subset of the
adverse outcomes that we have documented as resulting from ozone exposure, and
because the most relevant denominator has not been used in calculating percent-
ages. Indeed, as I noted in my written and oral testimony, even for respiratory hos-
pital admissions the numbers used by the EPA underestimate the expected ozone
cleanup benefits by approximately a factor of two, as non-asthma respiratory admis-
sions are ignored. Furthermore, there are, as noted above, many additional adverse
outcomes experienced by the public as a result of ozone exposure that are not re-
flected by hospital admissions.

Lastly, the EPA hospital admissions risk assessment numbers are now being used
“out of context”, which can be misleading. In the Staff Paper, it is clearly stated that
the EPA risk assessment “does not cover all health effects caused by Oz “ and that
“the risk assessment is intended as a tool that may, together with other information
in this Staff Paper and in the CD, aid the Administrator in judging which alter-
native O3 NAAQS provides an adequate margin of safety.” Thus, the original EPA
risk assessment was not aimed at providing a complete picture of the reductions in
effects of ozone to be achieved, and should not be interpreted in this way.

Question Ic. Senator Chafee showed you a chart at the hearing concerning reduc-
tions in hospital admissions due to asthma from a changed ozone standard. Can you
comment on this chart?

Response. The chart regarding hospital admissions in New York City shown at
this hearing was based upon Table VI-2 (revised) entitled “Estimated Hospital Ad-
missions for Asthmatics in the New York City Area” from the November 30, 1995
letter “CASAC Closure on the Air Quality Criteria for Ozone and Related Photo-
chemical Oxidants” from Dr. George T. Wolff of General Motors to Carol M. Browner
of the U.S. EPA, which was itself derived from Table V1.2 of the EPA OAQPS Ozone
Staff Paper (pg. 158). This chart has several major weaknesses as an input to deci-
sionmaking: (i) it embodies only a small fraction of the numerous health benefits
which can be achieved by lowering ambient ozone levels; (ii) comparisons of the
ozone-related asthma hospital admissions with total annual asthma admissions are
not the most appropriate way to evaluate these estimated ozone health impacts,
and; (iii) the validity of the EPA ozone proposal, which was based upon an exhaus-
tive and comprehensive review of all of the available information regarding ozone
health effects, should not be evaluated solely upon an appraisal of a single study
or health outcome, which seems to be happening here.

These chart weaknesses are elaborated upon in more detail below.

(i) The chart presented at the hearing considers only a single health outcome,
asthma hospital admissions in New York City, when we know that ozone induced
health effects are being experienced elsewhere in the U.S., and that there are a
myriad of other significant adverse health effects of air pollution that are occurring
in the public, but are not reflected in this table.

The adverse health effects ignored in the chart include both the hospital admis-
sions that occur for causes other than asthma, and the effects felt by people who
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are adversely affected, but who never get admitted to the hospital, such as those
requiring emergency room visits or private physician visits, and children experienc-
ing asthma attacks. When these other significant adverse effects of ozone are consid-
ered, the number of people adversely affected rises by many orders of magnitude
over the numbers indicated in this table.

Moreover, this table considers only one city (one of the few for which suitable
asthma admissions data have been routinely collected) representing only 8 million
of the approximately 122 million people in the United States living in areas not now
in compliance with the proposed ozone standard.

Thus, the numbers in the hearing chart should not be viewed as in any way pre-
senting the full extent of adverse human effects from ozone air pollution. Indeed,
even for the outcome considered, hospital admissions, it is an underrepresentation.
Looking over the various cities that I have considered, the estimated ozone effects
on other respiratory categories such as pneumonia and bronchitis are of about equal
size as those shown for asthma, and this does not consider other disease categories
which have been shown to be adversely affected by air pollution in the past (e.g.,
cardiac admissions). Thus, for hospital admissions these numbers are an underesti-
mate of at least a factor of two.

The numbers in the chart presented at the hearing are most appropriately viewed
as one important signal that significant adverse effects are occurring in the general
public. It is critical that it be recognized that the numbers of people noted in the
chart are just a small fraction of the total numbers of people adversely affected by
ozone air pollution who will be helped by the proposed new standard, once the myr-
iad of other adverse health effects and other locations throughout the U.S. that are
presently out-of-compliance with the proposed ozone standard are considered.

In order to give the sub-committee some insight as to the huge numbers of other
effects lurking beneath the surface of the table presented, I have made working esti-
mates of the other documented adverse impacts of ozone exposure that will also be
reduced in New York City, once the new standard is met.

The results of my analysis are presented in the attached figure entitled the “Pyra-
mid of Annual New York City Adverse Impacts of Ozone Avoided by the Implemen-
tation of the Proposed New Standard (vs. “As Is”). This pyramid is intended to be
illustrative of the enormous gaps in the table presented at the hearing, and is not
presented as a peer-reviewed comprehensive documentation of all the benefits which
would be accrued by achieving the EPA’s proposed new standard. Please note that
the figure could not be drawn “to scale”. If it were drawn “to scale”, the New York
City asthma admissions triangle would not even be visible, since it accounts for only
0.01 percent of the total number of ozone related impacts noted. However, despite
the fact that it visually overstates the relative size of the NYC hospital asthma ad-
missions, and the fact that many ozone effects cannot be considered in these calcula-
tions due to a lack of data, this figure still makes very clear that the New York
City asthma admissions counts considered in the table presented at the hearings
represent only a small fraction (far less than 1 percent) of the adverse effects of air
pollution which will be avoided through the implementation of the new standard
being proposed by the EPA.
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The starting point of the analysis I used to estimate the “pyramid” of effects noted
in the attached figure is the 265 New York City asthma admissions that will be
avoided as a result of the implementation of the new standard, as quoted by Senator
Chafee from top line of the chart (i.e., 385-120 = 265 admissions). First, as I noted
in my written testimony, there are also non-asthma respiratory admissions effects.
Based upon the average ozone impacts derived from my ozone-admissions regression
results for New York City and Buffalo, this indicates that the non-asthma res-
piratory admissions avoided (for causes such as pneumonia and bronchitis) are
about 90 percent of the size of the asthma admissions, or 240/yr. Now, based on the
fact that New York City hospital records indicate that 12.6 percent of pediatric asth-
ma emergency department (ED) visits result in an asthma hospital admission (Bar-
ton et al, 1993), it is estimated that the ED visits associated with the 505 ozone-
related respiratory admissions would amount to approximately 3,500 ozone-induced
ED visits (i.e., 505 x 1/.126). Furthermore, using the ozone adverse health effect co-
efficients derived from the published literature by the Empire State Electric Energy
Research Corporation (ESEERCO) in the New York State Environmental
Externalities Cost Study (Oceana Publications, Inc., December, 1995), and ratioing
the ozone effect coefficients provided in that report with that for asthma hospital
admissions in New York City (used to get the 265 admissions), effects for other out-
comes were derived, based on the original 265 NYC hospital admissions/day esti-
mate. In this way, estimated annual effects to be avoided in New York City each
year were also derived for:

¢ acute (i.e., daily) mortality,

¢ asthma attacks,

¢ Restricted Activity Days (i.e., the total number of person-days during which
some normal activities were curtailed), and

¢ Acute Respiratory Symptom Days (i.e., the total number of person-days during
which additional respiratory symptoms would be experienced).

Some may quarrel with the specific coefficients chosen here to model the other
effects, but the point remains that these other effects collectively represent huge
multiples of the hospital admissions benefits noted for New York City in the chart
presented at the hearing. Moreover, the categories of effects considered in the at-
tached figure are not exhaustive by any means, but they still serve to show that
the table presented at the hearings grossly underestimates the number of adverse
health events that can be avoided by the meeting the proposed standard.

Note that the numbers in this figure have been corrected to avoid double counting
of adverse health “events”. For example, the number of hospital admissions has
been subtracted from the total number emergency department visits, assuming that
the patients would have first passed through the ED before being admitted.

Note also that this figure can be used to consider other cases in the hearing chart
as well, since all estimates have been scaled to the asthma admissions number. For
example, for the difference between the existing and the proposed new standard
cases, the numbers in this figure would all be divided by three (=(210-120)/(385—
120) = 90/265). However, this calculation underestimates the benefits of the new
standard, since it fails to account for the more rapid progress which will no doubt
be able to be achieved in New York City under the new standard, when upwind
counties cleanup. The comparison to the “as is” case contained in the attached figure
is the more apt comparison.

(i1) By using the New York City year-round counts of asthma admissions (28,470)
as the denominator in its percentage ozone effect calculations, even though elevated
ozone occurs predominantly during the summer months in that city, the chart pro-
vides percentage changes in admissions to be achieved by the control of 0zone which
may be misleading. Indeed, during the months of my study in New York City (June,
July, and August) upon which the estimates in the table are based, the total asthma
admissions were only 4,545 (averaged over the two summers). Since most of the ef-
fects noted by the EPA risk assessment would happen during these summer
months, a more relevant estimate of the percentage reductions achieved would
therefore be approximately 28,470/4,545 6 times as large as indicated by the chart
presented at the hearing.

Thus, again, the information provided in the chart presented at the hearing un-
derstates the health benefits which will be achieved by the implementation of EPA’s
proposed revision to the ozone standard.

(i11) Senator Chafee’s remark during the hearing that this chart suggests to him
that “we are dealing in very, very minor improvements to the health of the citizens
of New York City” indicates to me that the numbers in this narrowly focused chart
are being overinterpreted and overemphasized. The chart represents an analysis of
only a single adverse health outcome, in a single city, from a single study, selected
from an entire body of hundreds of studies of a wide range of adverse effects that
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result from exposures to ozone air pollution that have been considered by the EPA
in setting the newly proposed standard.

Just as the U.S. EPA could not propose an ozone standard to the American people
based on a single study of a single outcome in a single city, no matter how excellent
that study, neither should we rush to judgment of the EPA’s proposed standard on
such a slender basis. The entire body of evidence available, including that in the
EPA CD and Staff Paper and that presented by witnesses at the EPA public hear-
ings, should be weighed before reaching a judgment on the appropriateness of the
EPA proposal.

Question 2. One of the arguments for not setting a tougher ozone standard is that,
while air pollution is dropping, the incidence of respiratory disease is increasing. If
this is true, then air pollution is not causing respiratory disease. What is your re-
sponse to this?

Response. While this argument sounds logical on the face of it, this is not a cor-
rect conclusion. That is because the increase in asthma incidence over the last dec-
ade was driven by an unprecedented increase in the underlying prevalence of asth-
ma (the number of persons having asthma). According to the National Institutes of
Health National Asthma Education Program, the number of persons in the U.S.
with asthma rose by 29 percent between 1980 and 1987. In the face of this growth
in the prevalence of asthma, the reduction in asthma attacks achieved by the mod-
est reductions in the average ozone levels we have been able to achieve in the U.S.
in recent years (only 7 percent between 1985 and 1995, according to the EPA), could
not possibly offset the dramatic increase in the numbers of new people with asthma.
Thus, the overall incidence of asthma problems has risen, despite our efforts to re-
duce ozone air pollution and its adverse effects on asthmatics.

Probably the most important thing to derive from this discussion, however, is
that, as the prevalence of asthma rises in our population, then there are more and
more people outdoors in the summertime who are at risk of adverse impacts from
ozone air pollution. Unfortunately, most of the factors that aggravate the lungs of
those with asthma and induce asthma attacks cannot be controlled (such as attacks
due to breathing cold air), but ozone is one of the few known important asthma trig-
gers which we can as a Nation do something to control. This makes it all the more
imperative that we move forward with EPA’s proposed strengthening of the ozone
air quality standard.

RESPONSE OF DR. THURSTON TO AN ADDITIONAL QUESTION FROM SENATOR BAUCUS

Question. One of your studies focused on the impacts of ozone on asthmatics. Your
Table VI-2 (revised) indicated the number of hospitalizations of asthmatics in New
York City that would be prevented by the implementation of the proposed new
ozone standard. Is this chart sufficiently indicative of the number of serious health
effects that would be avoided by implementation of the proposed standards? If not,
would you explain what other health effects would likely be avoided and the relative
number of people at risk?

Response. First of all, let me clarify that the chart in question, Table VI-2 (re-
vised), while utilizing the results of a study I conducted and published, is not my
work. The chart was developed from work done by the U.S. EPA, and is presented
in the OAQPS Ozone Staff Paper (EPA-452/R-96-007).

The chart is not sufficiently indicative of the number of serious health effects that
would be avoided by the implementation of the EPA’s proposed new standard. Nor
was it ever intended to be interpreted as such by the U.S. EPA. Taken out of the
context of the EPA report’s purpose, this chart grossly underrepresents the health
benefits which will be accrued to the American people as a result of the implementa-
tion of the EPA’s proposal.

As I detail in my response to Senator Lieberman’s written question, there are
many significant adverse health impacts occurring throughout the U.S. today as a
result of ozone air pollution that not considered by this table. These include hospital
emergency department visits, asthma attacks, emergency visits to private physi-
cians, increased asthma medication use, restricted activity days (e.g., work days
lost), more frequent respiratory symptoms, reduced lung function, and diminished
quality of life (e.g., due to reduced ability to walk up stairs, etc.). For example, avail-
able studies indicate that, for every one ozone induced asthma hospital admission,
there are another 7 persons who became ill enough because of ozone to require a
visit to the hospital emergency department (ED), and some 700 asthma attacks be-
cause of ozone. Clearly, asthma hospital admissions resulting from ambient ozone,
while representing a severe and important health impact, are near the tip of an “ice-
berg” of adverse health effects and health care costs being borne by the American
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people every summer, and which will be largely avoided if the EPA’s proposal is al-
lowed to be implemented.

Indeed, as presented in my response to Senator Lieberman, when one broadens
the scope of the chart to include the other documented health impacts of ozone expo-
sure, and then more realistically calculates the total numbers of cases of adverse
health effects, the asthma hospital admissions noted in Table VI-2 (revised) rep-
resent only 0.01 percent of the effects that will be avoided in New York City by the
implementation of the EPA proposal.

RESPONSE OF DR. THURSTON TO AN ADDITIONAL QUESTION FROM SENATOR INHOFE

Question. In the hearing, you stated that you took personal income into account
in your Canadian studies. How was this accomplished? Did you control for income
variances by determining the mean income level for hospital admissions, or by some
other method? How did you obtain this income information, through personal inter-
views or hospital records?

Response. Because of the time-series design of our Toronto study, it was not nec-
essary to actively control for income level, since events in a single population were
being compared over time, rather than an intercomparison of different populations.
Because an individual’s wealth category does not vary from day-to-day the way that
air pollution levels do, it is not necessary to control for this factor in such time-se-
ries studies. By following the same group of people over time, this factor is inher-
ently controlled for by the study design.

In contrast, it is desirable to control for such factors in a cross-sectional study,
which intercompares different populations at one time, with the various populations
potentially having differing characteristics. Ah example is the cross-sectional study
that Dr. Haluk Ozkaynak and I conducted when I was a Research Fellow at the
Kennedy School of Government at Harvard University, and that was published in
the journal Risk Analysis in 1987 (Volume 7(4): pp. 449-461). This study compared
city-to-city variations across the U.S. in annual mortality versus variations in an-
nual average air pollution across these same cities, during the year 1980. In this
case, we addressed city-to-city variations in economic characteristics using two indi-
ces of wealth: the percent of the population living below the poverty level in each
city, and the percent of the population with a college degree in each city. After sta-
tistically controlling for these and other socio-economic factors across cities, we
found that PM,s particles (those less than 2.5 micrometers in diameter) were con-
tributing significantly to the annual mortality of Americans, accounting for between
3 and 8 percent of all deaths at that time (from 60,000 to 160,000 deaths per year).
Our results also indicated that particles larger than 2.5 micrometers did not contrib-
ute significantly to these mortality impacts. This is consistent with the Toronto
study you mention, which also found that particles larger than 2.5 micrometers in
diameter did not significantly contribute to the adverse health effects found for fine
particles (in this case, increased hospital admissions). Hence, both of these studies
support the need for the U.S. EPA to move from the present PM;o standard to a
PMs s standard.

It is also pertinent to this information-gathering hearing to mention that, in the
U.S. cross-sectional mortality study, we also looked at the fine particle mass as a
function of source category (using elemental tracers of various pollution source cat-
egories), finding that particles from the metals industry (such as the iron and steel
industry) and from the burning of coal (such as from coal-fired powered plants) were
indicated to be the most significant contributors to the mortality impacts of fine par-
ticulate matter.

PREPARED STATEMENT OF DR. DANIEL B. MENZEL, PROFESSOR, DEPARTMENT OF
COMMUNITY AND ENVIRONMENTAL MEDICINE, UNIVERSITY OF CALIFORNIA

My name is Daniel B. Menzel. I am professor and chair of the Department of
Community and Environmental Medicine, University of California at Irvine, Irvine,
CA. T have had more than 30 years experience in research in air pollution and toxi-
cology. My expertise centers in two areas: mechanisms of air pollution toxicity and
mathematical modeling of toxicology, particularly deposition of air pollutants in the
respiratory tract. I have served as a senior author on multiple EPA Criteria Docu-
ments and recently as a Consultant to the Clean Air Scientific Advisory Committee
examining the Particulate Matter Criteria Document and proposed standard.

The committee has requested that I provide my views on the ozone and particu-
late matter standards, which EPA has published in the Federal Register and in-
tends to implement under the Clean Air Act. I am pleased to do that and would
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also like to extend my testimony to include the research effort of EPA because it
directly affects the standard-setting process. I understand that the two standards
present different problems in terms of the form of the standard, the scientific data
supporting each standard and the process by which the standard was promulgated.
In my view, however, there are similarities between the two standards that reflect
a major deficiency in EPA’s efforts. The common deficiency is the lack of solid sci-
entific data. EPA is a grossly underfunded Agency given the scope of its responsibil-
ities. EPA has not done well with its resources by not sustaining research to meet
the long-term goals of the Agency. Thus, I hope that the committee will allow me
to express my concerns about the research planning at EPA.

AIR POLLUTION IS A MAJOR LONG TERM PUBLIC HEALTH PROBLEM

Air pollution is a worldwide problem. In the United States air pollution is of such
public health importance that it is critical that a national debate be undertaken on
the future directions of air pollution research and regulation. This committee is pro-
viding a very valuable forum to the people so that they may learn more about the
scientific controversy surrounding these two air pollutants and the alternative views
that exist concerning the future of air pollution remediation efforts. I am at the mo-
ment writing a review of the toxicology of ozone.! This will be the third review of
ozone that I have written for the scientific literature. Almost 10 years have elapsed
since my last effort, and I was surprised and saddened to note on examining the
literature that questions which we raised in the review in 1988 still remain unre-
solved. Much new human data has become available on ozone supporting a lower
standard and shorter averaging time, but the book is far from closed on ozone. I
also wrote the first part of the health section of the SOy (sulfur oxides) Particulate
Matter Criteria Document for EPA in 1980. Many of the questions raised in that
document also remain unanswered. As a consultant to the Clean Air Scientific Advi-
sory Committee I assisted in the review of the current Particulate Matter Criteria
Document. Not only were the fundamental questions raised in the original SOy Par-
ticulate Matter Criteria Document still existent, but new important questions arose
for which we have no answer. All of these experiences suggest to me that a greatly
enhanced and invigorated research effort in air pollution is needed if we are to
make sound, reasonable and rational decisions on the implementation of clean air
standards. If anything, air pollution research is now more important to the national
public health than ever before.

Both the ozone and particulate matter standards have vast implications for the
quality of life and the economy of the United States. It is my opinion that the vast
majority of Americans support improving and enhancing the quality of their life by
eliminating or decreasing air pollution. Americans are quite willing to shoulder the
burden of cleaner air, cleaner water, and cleaner food if they can understand clearly
the benefits to be gained by these activities. The confidence of the American people
in the decisions being made on environmental issues is critical to the ability of this
government to govern and implement these decisions. If ever the public loses con-
fidence in the environmental strategies promulgated by the Federal Government
then it will be impossible to carry out large national programs designed to eliminate
or at least ameliorate the adverse effects of air pollution. I am very concerned that
the Environmental Protection Agency and the Congress maintain the confidence of
the U.S. public and demonstrate to the public their vigorous support for a better
quality of life and clean air. Scientific truth is the only lasting commodity upon
which decisions can be based.

GENERIC ISSUES

From my view the difficulties that we face with both the ozone and the particulate
matter standard stem from generic issues in toxicology which must be addressed in
a sound scientific manner. The first of these generic 1ssues is a plausible biological
mechanism of action for the particular pollutant. The second is the nature of the
dose response relationship. I will address each of these and give examples of how
they impinge upon the two standards that we are discussing today.

Plausible Biological Mechanisms

What is a plausible mechanism? We have learned a great deal about the quan-
titative nature of toxic reactions in the last 40 years. It is now possible to divide
biological reactions to toxicants into several categories under which plausible mech-

1Shoaf C.R. and Menzel, D.B. Oxidative damage and toxicity of environmental pollutants. In:
Cellular Antioxidant Defense Mechanisms. (ed., C. K. Chow) CRC Press, Inc, Vol. 1:197-213,
1988.
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anisms have been elucidated. A plausible mechanism of action for a toxin places the
toxin within the context of our knowledge of disease processes. Having a plausible
mechanism of action increases our confidence that health effects observed in ani-
mals will occur in humans. Understanding a mechanism of action also makes ex-
periments more meaningful and relevant. In this forum it is not possible for me to
elaborate in greater technical detail on how a plausible mechanism influences the
experimental design and interpretation of the results of experiments. Experimental
design and the concept of plausible mechanism of action are dealt with in standard
textbooks of toxicology, such as “Casserett and Doull’s Fundamentals of Toxicology”.

A plausible mechanism of action is critically essential to controlled human expo-
sure studies. The extrapolation from animal experiments to human exposures as
they occur in nature, that is with free-living people, depends upon an intermediate
link of controlled exposures of human volunteers to the toxin. We must have a clear
idea of a plausible mechanism so that human studies can be developed with due
care that no harm will ever result to the volunteers who courageously commit them-
selves to these kinds of experiments. In air pollution many of the human studies
have been very limited because of the lack of a clear understanding of a plausible
mechanism. Investigators have been very reluctant to engage in high level expo-
sures of human subjects because they fear that some long-term harm will result
from their experiments. Clearly, we cannot and will not tolerate human experi-
menti_l)l1 studies that result in harm to the volunteer. This is simply not ethically ac-
ceptable.

Plausible Mechanism of Ozone Toxicity

One plausible mechanism of action of ozone is the production of free radicals by
the reaction of ozone with cellular constituents. The free radical theory is that which
we proposed in 1971.2 It is now clear that this mechanism of action is too naive and
simplistic and clearly does not explain the consequences of chronic exposure to
ozone. Studies with experimental animals clearly show that the results of a continu-
ous or intermittent lifetime exposure to ozone are highly complex and are not pre-
dictable from the free radical hypothesis alone. Further experiments are needed
with life-term exposures of experimental animals using the most modern molecular
biology techniques. The complex pattern of lifetime ozone exposure must involve
multiple signal transduction pathways. Simply put, the adverse health effects of
chronic exposure to ozone are complex and beyond the free radical theory which we
now recognize as accounting for the brief initial contact of ozone with the lung.

Chronic exposure is the critical issue in ozone exposure. EPA initiated and was
carrying out an excellently conceived and implemented research program on the
chronic effects of ozone in support of the current ozone standard. But this research
has stopped and support for ozone research by other Federal agencies has stalled.
Basic research support for ozone by the National Institutes of Health and particu-
larly the National Institute of Environmental Health Sciences (NIEHS), has fallen
away. The scientific community is in error in allowing this to have happened.

Very compelling controlled human exposure experiments suggest that the current
ozone standard (0.12 ppm) may be toxic. The short term exposures under which hu-
mans can be safely exposed does not allow us to study the chronic effects of ozone
exposure. Epidemiologic studies are underway in the South Coast Air Basin, par-
ticularly those by Professor John Peters of the University of Southern California but
this study is hampered because no quantitative biomarker of ozone health effects
has been developed.

We would not be sitting here and engaging in this discussion if EPA’s chronic
ozone study in experimental animals had been carried out. Nor would we still have
doubts about the ozone standard if ozone research had received a high priority in
research support by the other Federal research agencies such as NIH and NSF.

In summary, there is a preliminary biologically plausible mechanism of action for
ozone. The free radical theory is not comprehensive and does not explain all of the
effects of chronic exposure to ozone. Much additional work is needed to understand
the chronic effects of ozone.

Particulate Matter

In contrast to the ozone problem, no plausible biological mechanism of action has
so far been proposed for particulate matter. It has been very difficult to demonstrate
toxicity for particulate matter in experimental animals. In my laboratory and that
of my colleagues at UCI we have not been able to show major toxicity with particu-

2Roehm, J.N., Hadley, J.G. and Menzel, D.B. Oxidation of Unsaturated Fatty Acids by Ozone
and Nitrogen Dioxide: A Common Mechanism of Action. Arch. Environ. Health, 23:142-148
1971.
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late matter at potencies approaching the levels reported from epidemologic stud-
ies.34

To place this problem in a more global context, urban particulate matter is a uni-
versal problem. Particulate matter seems to be a common result of human con-
centration in urban areas. To eliminate all of the particulate matter in our cities
would, in my view, be only possible by the elimination of all human activity. Clearly
this Draconian approach is not reasonable.

The studies of Schwartz and his colleagues34 have challenged our conclusions
from experimental animal studies. These studies indicate that all particles regard-
less of their geographic origin have the same toxicity. It is well known that the
chemical composition of the urban particles differ widely between geographic areas.
For example, in the western US, especially in the South Coast Air Basin of Los An-
geles and its environs, the chemical processes responsible for the formation of par-
ticulate matter depend on photochemical reactions. Nitric acid is the dominant end
product. There are very few oxides of sulfur present because of the nature of the
fossil fuels used in California. On the other hand, in the East Coast Corridor the
consumption of sulfur-containing fuels is much greater, and the chemistry of the re-
actions leading to the formation of particulate matter is not as dependent upon pho-
tochemistry as it is upon chemical reactions. Sulfuric acid, not nitric acid, is the
dominant end product present in particulate matter. The chemical nature of the
particles formed in California are quite different those of the East Coast Corridor.
Yet the health effects measured by epidemiologic techniques suggests that all par-
ticles have the same effect despite the differences in chemical composition. This is
a very troublesome problem. One of the basic tenets of toxicology is that the toxicity
occurs via chemical reaction. How then can the same effect result from very dif-
ferent kinds of chemistries? We must conclude that there is no plausible mechanism
now available for particulate matter which can account for the reported results.

Particle Size and Site of Action of Respirable Urban Particles

The toxicity of particles also depends on the site within the respiratory tract
where they are deposited. A major advance has been the recognition of the depend-
ence of toxicity on the site of deposition. The site of deposition in the respiratory
tract depends, in turn, on the physical size of the particle. By measuring the amount
of particles within the size range which can be deposited in the human lung, EPA
adopted a biologically based criterion for its standard setting. This concept of defin-
ing particulate air pollution in terms of the size of particles most likely to be respon-
sible for the adverse health effects is referred to as PM1o where 10 refers to particles
of 10 micrometers aerodynamic mass median diameter or less. PMo is a fairly good
surrogate measurement for the amount of material that would actually be inhaled
and deposited in the human respiratory tract. Schwartz and his colleagues extrapo-
lated from measured PMjo values. PMio is a major advance in public health policy
pioneered by EPA. The PMio concept shifts emphasis to particles of that size which
are likely to be the most harmful to people. A network of PM;o monitors has been
constructed in the US and large amounts of data have been accumulated.

Schwartz and his colleagues went beyond PM;o and extrapolated from a very lim-
ited set of measurements of PM>s and PMio to estimate PMzs values and to relate
mortality and morbidity to particulate matter exposure smaller than PMjo or par-
ticles less than 2.5 micrometers mass median aerodynamic diameter. Only a few
data exist on the PM, s exposure in our major cities. By shifting from PM;o to PM,5
values, a major difference in the regional deposition within the lung of these par-
ticles is suggested as the site of action. The smaller the particle the more deposition
occurs in the deeper parts of the lung. By assigning toxicity to particles in the PMz5s
range the site of action is also assigned to the thoracic region of the lung. Because
these PM>s values are calculated and not measured, it is very difficult to place the
heavy weight of evidence on this ultrafine particle range as EPA has done in its
criteria document. Even with a shift in attention to particles of this size range,
there is still is no plausible mechanism for toxicity. Further, some of the CASAC
members questioned the potency of the particles calculated from the mortality and
mobility data. All of this underscores the importance of the research program re-
viewed by CASAC as part of the particulate matter standard setting process.

3Saldiva, P. H., Pope, C. A., Schwartz, J., Dockery, D. W., Lichtenfels, A. J., Salge, J. M.,
Barone, I. & Bohm, G. M. (1995) Air pollution and mortality in elderly people: a time-series
study in Sao Paulo, Brazil. Arch. Environ. Health 50:159-163.

4Schwartz, J. (1995) Short term fluctuations in air pollution and hospital admissions of the
elderly for respiratory disease. Thorax 50: 531-538.
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DOSE RESPONSE RELATIONSHIP

The dose response relationship is a curve that relates the number of individuals
responding with an adverse reaction (mortality, morbidity or the like) to a certain
exposure concentration of the chemical. The shape of the dose response curve is im-
portant when setting standards. All theories of the dose response relationship so far
indicate that these curves will be non-linear; that is, there will be a point at which
the probability that a response would occur is very unlikely. To put it another way,
all theories suggest that there is a concentration at which nothing will occur while
above that concentration adverse effects will occur. The point at which there is noth-
ing detectable is the threshold. The dose-response relationship is at the heart of the
risk assessment. In both the particulate matter and ozone standard the dose-re-
sponse relationship is only poorly understood. Consequently, estimates of risk are
also uncertain. Examples for ozone and particulate matter follow.

The Particulate Matter Dose Response Curve Is Linear Not Curved

The current assumption of epidemiologic studies is that the mortality or morbidity
is a linear function passing through zero at zero concentration of particles. The
dose-response function has no point at which no adverse effects occur. The linear
dose-response curve is in opposition to all of the theories and experimental data de-
rived for a host of chemicals acting by a variety of different mechanisms of action.

The epidemiologic basis for a linear relationship between effect and dose is very
poor. The data are not supported by any kind of a generalized theory and are in
many cases a default assumption coming about because the epidemiologic data are
weak. It is very difficult for epidemiologists to relate exposure to effect. The meth-
odologies of epidemiology at present are insensitive to the concentration or exposure
effect. This is especially true in ecological studies where indirect evidence is used
for adverse health effect.

For example, the epidemiologic studies of particulate matter health effects depend
upon death certificates and the coincidence of an increase in death with an increase
in particulate matter exposure. These studies again provide no indication of how a
person might have died from the exposure to particulate matter. The studies only
associate the death with the exposure to particulate matter. Nonetheless, the in-
creases in mortality associated with particulate matter are troublesome. If the mag-
nitude of mortality suggested by these studies is correct, then we are faced with a
major public health problem that demands immediate attention.

Time and Intensity Relationships in Ozone Health Effects

EPA initiated a time and intensity study in cooperation with the USSR. This pro-
gram was well thought out and attacked the question of which variable is most im-
portant in determining the health effects of ozone. From the data that were gen-
erated by this study it appears that the intensity is the most critical factor rather
than the duration of exposure for ozone toxicity. These studies of the time and con-
centration effects on ozone toxicity led to the current hypothesis upon which the pro-
posed ozone standard is based. If it is correct that the magnitude of the exposure
is more important, then extremes of exposure should be reduced. One strategy to
reduce exposure to extreme concentrations of ozone is to change the averaging time
for the standard, making implementation plans stricter for short-term excursions.
The US-USSR research program to study the time and concentration dependency of
ozone adverse health effects was very productive and was progressing along a track
which would, if continued, have provided us a great deal of information at this time.
Unfortunately, EPA chose to reduce and essentially eliminate this line of study. Ex-
tramural support for the program lagged and ozone in general has become an un-
popular topic for support by other government agencies such as NIEHS.

Based on the fragmentary information that we have available, I feel that it is ap-
propriate to support the EPA proposal of changing the averaging time for the ozone
standard so that large excursions over short time periods will be eliminated or re-
duced. However, one should recognize that changing the averaging time will have
a major impact on State implementation plans and will have major economic con-
sequences. Clearly, understanding the nature of the dose-response relationship is
}rery important and affects which alternatives we choose to reduce ozone health ef-
ects.

Time and Intensity Relationship for Particulate Matter Health Effects Are Unknown

As stated above, most time and intensity (dose and dose-rate) relationships for
chemicals follow a simple relationship that the product of the dose rate and the time
of exposure form a constant. This constant is arbitrary and unique for each chemical
Epidemiologic studies of the increases in mortality associated with increases in par-
ticulate matter are strictly linear with the amount of particulate matter. One reason
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way this assumption occurs is that a lag period has been assumed. The lag period
means that the increase in mortality occurring 2 to 3 days after an exposure are
related to the exposure to particulate matter, not earlier or later. The underlying
hypothesis is that particulate matter toxicity is not immediately evident but occurs
after this lag period. This very short acting time raises the question as to what hap-
pens when people are exposed to concentrations of particulate matter over the long
term. We really have no data on the chronic effects in humans of exposure to partic-
ulate matter. Chronic exposure studies are very difficult to achieve using epidemio-
logic data.

To my knowledge there are no experimental animal data or controlled human
studies which relate this kind of lag time to exposure to the toxicity of particulate
matter. In my laboratory and that of my colleagues at UCI we have found that ex-
perimental animals such as the rat are very insensitive to particulate matter expo-
sures. We have never observed potencies equivalent to that proposed for humans
based on the epidemiologic data. This again raises the question of a plausible bio-
logical mechanism of action.

THE RESEARCH AGENDA

It is difficult for scientists such as myself whose livelihood depends on experi-
mental research to stand before you and justify additional research without seeming
to be self-serving. A careful study, however, of EPA’s support of research in the past
is related to the missing data in the standard setting process. Sadly, we would not
be sitting before you if there had been a steady progression of air pollution health
effects research. EPA’s research strategy has been to ignore problems until the
standard setting cycle is near. Then a massive effort is mounted which is expected
over 2 or 3 years to result in sufficient data to solve the research needs. Regrettably
we have seen that this strategy does not work. The same questions recur from cri-
teria document to criteria document. There are just not enough resources put into
air pollution health effects research so that we are really certain what we’re about.

It is also my opinion that this problem also appears in the low esteem with which
Congress holds EPA research. I am acutely aware that one Congress cannot obligate
another Congress and that this independence of one Congress from another is fun-
damental to the development of our country. But I think it is time that the Congress
in its wisdom faced up to the need to make its desire known to its successors that
support of research for long-term problems in all areas of health is essential.

Air pollution is a long-term problem. From my observations and the data in the
literature there is no urban area which does not have air pollution. We are still de-
pendent on the consumption of fossil fuels for energy and the prospects of independ-
ence from fossil fuels are far into the future. My colleague, F. Sherwood Rowland,
received the Nobel Prize in Chemistry for his contributions to the global problem
of depletion of the ozone layer. Dr. Rowland’s contributions clearly show that this
air pollution problem is global. He also was able with his colleagues to demonstrate
that this was a long-term process. I see no way that this is not also true for other
kinds of air pollution problems.

As I mentioned above in my current review of the literature of ozone I found very
little progress had been attained in ozone research over the last 10 years. It is es-
sential then that the Congress mandate to EPA a sustained basic research effort,
Only if EPA clearly is committed to a long-term research effort will we solve the
problems that still exist today as they existed 10 years ago.

In addition, the Congress should resist any rush to judgment. I am deeply con-
cerned over the effects of particulate matter exposure as currently revealed by epi-
demiologic studies. Similarly, I am concerned that we have not demonstrated an im-
portant increase in a health benefit from a small decrease in ozone concentration.
Both of these alternatives however, are significant commitments on the part of soci-
ety to change the underlying causes of both ozone and particulate matter generation
in our cities. It is my firm opinion that the U.S. public would be willing to engage
in whatever is necessary, but they will not support any arbitrary change that re-
sults in a significant economic and personal commitment.

Our experience in science policy clearly shows that the U.S. Government is capa-
ble of mounting major efforts to solve major problems. No one could have predicted
just 5 years ago the remarkable success which is being achieved in AIDS treatment.
There is a similar likelihood that a large-scale problem such as air pollution could
be better defined and directions for engineering applications clearly delineated if we
understood more about the biologic aspects of this problem. Inventorying pollutants
in the atmosphere is undoubtedly an important issue, but it does us no good to in-
ventory these pollutants in the atmosphere and yet not have a clue as to what their
biologic activity is. I may sound arbitrary in my opinion that we are in a state of
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great ignorance, but I think that once you listen to the testimony of my colleagues
here you will come to the regrettable conclusion that I am an optimist. I therefore
urge the Senate and this committee to undertake a new direction in the support of
research by EPA and by EPA’s sister Federal agencies such as the National Insti-
tutes of Health and in particular the National Institute of Environmental Health
Sciences. These agencies need to be enabled, directed and empowered, indeed man-
dated, to carry out the long-term large-scale research that is necessary to under-
stand much more fully the effects of air pollution on the U.S. population.

CONCLUSIONS

The Proposed Ozone Standard

It is my opinion that we will have achieved only marginal effects by decreasing
the current ambient air quality standards for ozone from 120 parts per billion to
90 parts per billion. The nature of the dose response relationship is such that it may
still be at a linear range and thus reduction to much lower levels may be necessary
to result in the abolition of detectable health effects from ozone. My colleague, Rob-
ert Wolpert, and I published a simple analysis of different kinds of dose response
relationships for ozone looking toward this very issue. How much would one have
to reduce the ozone concentration in the air in order to be able to find a detectable
advance in public health? Because the data are so sparse, a multitude of different
kinds of theoretical treatments are possible. None of them, however, are sufficiently
sensitive that one could lead to a clear prediction of a health benefit. On the other
hand, as I mentioned above, a change in the time constant alone is going to have
a great benefit. I endorse EPA’s analysis of the time constant and think that EPA’s
proposal to a change in the averaging time for ozone is likely to be of benefit to the
public health.

Still, I think that translating these changes into new State implementation plans
may be very difficult. To translate both a change in the concentration, that is the
amount of ozone that is permissible in the air and the duration over which it is per-
missible, will be a very difficult task indeed to implement.

Continued research into the health effects of ozone are urgently needed. Further
reductions in the ozone standard may be indicated in the near future. Because of
the ecgn&)mic impact of ozone standards and strategies, the highest quality research
is needed.

Particulate Matter Standard

As I have said previously, I do not doubt that the particulate matter problem is
a very serious problem indeed. We need to place a very strong active and progres-
sive research program into place in order for us to cope with this problem. It is my
view that too little is known, In the report of the Clean Air Scientific Advisory Com-
mittee to Administrator Carol Browner, the committee pointed out that one of the
areas in which additional research should be undertaken is chronic exposure.

I am not in favor of the use of a PM,s standard. A viable network of monitoring
instruments and sound research supports the PMjo standard. The PM;5s standard
has no background. There is no existing research quality PM,s network. Without
a research quality PM,s network it is not likely that we will make much progress
toward the goal of a new particulate matter standard. We lack information on the
actual PM5 5 in the atmosphere of our cities. We do not know the duration of expo-
sure of people to PMss. The chemical nature of the PM,s fraction is poorly known.
We lack a plausible biological mechanism for particulate matter. We do not know
if regulation of PM, s will be of benefit. A strong aggressive long-term research pro-
gram is essential to address the current data deficiencies if we are to convince peo-
ple that this is a major problem.

Avoid Mistakes Of The Past

In my comments above I pointed out that the critical data deficiencies for ozone
and particulate matter are generic and extend to the other criteria air pollutants.
My criticisms of EPA and of the Congress I am sure have not endeared me to either
party. My criticisms are also directed to me and my scientific colleagues. It is time
that we faced up to the realities of life. Air pollution is here. Air pollution will be
with us. Air pollution is a major problem that cannot be solved in 5 years.

EPA needs more resources. All of the health research establishment needs more
resources to deal with this particular problem. The strategy adopted by NIH to deal
with major health problems such as AIDS and cancer is dependent on ideas gen-
erated outside of the government. This is not to say that government researchers
are not knowledgeable. Rather it is simply the recognition that there is great diver-
sity in the United States. We have a lot of people working on the same problem,
and from this diversity we achieve greatness. The Congress should instruct the Na-
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tional Institutes of Environmental Health Sciences, NIEHS, and EPA to place great-
er emphasis on air pollution, to seek actively support for extramural programs deal-
ing with air pollution, to look for the unique idea to encourage the primary review
groups that this is a programmatic area of importance. Last I would respectfully ask
that the Congress use the legislative hammer in another way. The Congress can
have a major impact on the sustainability of research in this area. Clearly the Sen-
ate recognizes that regulation of air pollutants is a major national problem. The
Congress should, in my judgment, place a burden on the government agencies to
carry out the needed long-term research. In doing so, the Congress has to realize
that it has to reallocate resources and that air pollution is a national problem of
long-term importance requiring additional support.
Thank you for the opportunity to have addressed you.

PREPARED STATEMENT OF DR. ROGER O. MCCLELLAN, PRESIDENT, CHEMICAL
INDUSTRY INSTITUTE OF TOXICOLOGY

Chairmen and distinguished members of the Subcommittee: I am pleased to have
this opportunity to testify at your request on scientific issues related to the new Na-
tional Ambient Air Quality Standards for Ozone and Particulate Matter that the
Environmental Protection Agency proposes to promulgate under authority of the
Clean Air Act. I request that this written testimony be included in the record as
though read in its entirety.

By way of background, I serve as President of the Chemical Industry Institute of
Toxicology, a not-for-profit research organization located in Research Triangle Park,
North Carolina. The institute is supported principally by some 30 leading industrial
firms and has a mission of developing, through the conduct of research, an improved
scientific basis for understanding and assessing the human health risks of exposure
to chemicals. This mission is being achieved through the conduct of an in-house re-
search program carried out by 160 scientists, postdoctoral fellows, and supporting
personnel.

The comments I offer are based on my experience as a scientist concerned with
the risks of airborne materials and my extensive service in advisory roles to numer-
ous public and private organizations. (An abbreviated biographical sketch is ap-
pended.) My advisory experience has included long-term service on the EPA Science
Advisory Board. I have served under each of the Agency’s Administrators on a num-
ber of committees, previously as chair of its Clean Air Scientific Advisory Commit-
tee, Environmental Health Committee, Environmental Radiation Exposure Advisory
Committee, and the Research Strategies Advisory Committee and as a member of
the Relative Risk Reduction Strategies Committee. Most recently, I have served as
a member of the Clean Air Scientific Advisory Committee Panels considering the
National Ambient Air Quality Standards for Ozone and Particulate Material. I also
served on the CASAC panels that earlier reviewed the scientific basis for the cur-
rent National Ambient Air Quality Standards for ozone and particulate matter.

LEGISLATIVE BASIS FOR NATIONAL AMBIENT AIR QUALITY STANDARDS

The legislative basis for the Clean Air Act is well known to all of you. However,
I would like to highlight several key points to provide a basis for my remarks. The
Clean Air Act directs the Administrator of the Environmental Protection Agency to
identify pollutants which “may be reasonably anticipated to endanger public health
and welfare” and to issue air quality criteria for them. These air quality criteria are
intended to “accurately reflect the latest scientific knowledge useful in indicating
the kind and extent of all identifiable effects on public health or welfare which may
be expected from the presence of [a] pollutant in the ambient air. . . .

For these “criteria pollutants” the administrator is directed to propose and pro-
mulgate “primary” and “secondary” National Ambient Air Quality Standards. In the
interest of brevity, I will consider only the primary standard setting process in this
testimony. The primary standard is defined in the Act as one “the attainment and
maintenance of which, in the judgment of the Administrator, based on the criteria
and allowing an adequate margin of safety, [is] requisite to protect the public
health.” The legislative history of the Clean Air Act indicates that the primary
standard is to be set at “the maximum permissible ambient air level . . . which
will protect the health of any [sensitive] group of the population” and that for this
purpose “reference should be made to a representative sample of persons comprising
the sensitive group rather than to a single person in such a group.” The standard
is viewed as sufficient whenever there is “an absence of adverse effects on the
health of a statistically related sample of persons in sensitive groups from exposure
to ambient air.”
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The courts have held that the “margin of safety” requirement for primary stand-
ards was intended to address uncertainties associated with inconclusive scientific
and technical information available at the time of standard setting. And further, it
was intended to provide protection against hazards that research has not yet identi-
fied or whose medical significance is a matter of disagreement. In setting a margin
of safety, the EPA considers such factors as the nature and severity of the health
effects involved, the size of the sensitive population(s) at risk, and the kind and de-
grees of uncertainties that must be addressed. The margin of safety comes into play
at the boundary between conclusive evidence of adverse effects related to pollutant
exposure and levels of exposure where there is no conclusive evidence of adverse ef-
fects with unknown or only partially quantified risks. The selection of a particular
approach to providing an adequate margin of safety has been viewed by the courts
as a policy choice left specifically to the Administrator’s judgment.

The primary standard is to be set without regard to the cost of its implementa-
tion.

A section of the Clean Air Act enacted in 1977 requires that “not later than De-
cember 31, 1980, and at 5-year intervals thereafter, the Administrator shall com-
plete a thorough review of the criteria published under section 108 and the national
ambient air quality standards . . . and shall make such revisions in such criteria
and standards and promulgate such new standards as may be appropriate The Act
requires that an independent scientific review committee be appointed to “complete

a review of the criteria . . . and the national primary and secondary ambient air
quality standards . . . and shall recommend to the Administrator any
new . . . standards and revisions of existing criteria and standards as may be ap-

propriate This function is carried out by the Clean Air Scientific Advisory Commit-
tee of EPA’s Science Advisory Board.

Put in its simplest form, the Clean Air Act requires the Administrator to develop
criteria and promulgate standards for certain air pollutants to protect against ad-
verse effects in the public, including sensitive populations, with an adequate margin
of safety. As clearly implied by the statutory language, levels of pollutant exposures
can be identified that cause effects, while lower levels of exposure will be without
effect (i.e., a threshold for response). A “margin of safety” is then used to select a
l(i)viler leizel for the standard, a level that, if attained, should not result in unaccept-
able risk.

OZONE STANDARD

The current primary NAAQS for ozone is set at 0.120 ppm with a 1-hour averag-
ing time. Attainment of the standard occurs when the expected number of days per
calendar year with a maximum hourly average concentration greater than 0.120 is
equal or less than one. Operationally, the standard is exceeded if the 0.120 ppm
hourly average concentration is exceeded a fourth time in a 3-year period.

In 1993, the EPA Administrator reaffirmed the 0.120 ppm standard with a 1-hour
averaging time. At the same time, the Agency initiated the preparation of an up-
dated criteria document on ozone and made plans for preparation of a staff paper
for CASAC review of both the criteria document and staff paper. The CASAC came
to closure on the criteria document on November 28, 1995 and on the staff paper
on November 30, 1995.

The review process for the NAAQS for ozone considered a substantial amount of
new data published since the last CASAC review was concluded in early 1989. The
data came from four sources; controlled human exposure studies, field studies of
children and healthy adults, analysis of air quality data and hospital admissions
and laboratory animal studies.

The controlled human exposure studies involved individuals engaged in light to
heavy exercise with exposure to ozone over a range of concentrations for 1 to 6.6
hr. Decrements in pulmonary function and increases in symptoms of respiratory re-
sponses were exposure concentration and exposure duration dependent. However,
there was substantial intergroup variability in response as well interindividual vari-
ability for repeated exposures. The results of these studies support the use of an
8-hour averaging time.

The field studies of children in summer camp and exercising adults took advan-
tage of naturally occurring variations in ambient ozone concentrations. Lung func-
tion tests were performed in all the individuals. A small, but substantially signifi-
cant, association between ozone concentrations and reduced pulmonary function was
observed for both groups. The relationship between increased ozone and decreased
function was approximately linear with no clear threshold for an absence of effect.

The hospital admission studies examined the association between daily ozone con-
centrations and daily hospital admissions for respiratory effects. Asthmatics were
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identified as one susceptible subpopulation. Linear relationships were observed with
increasing ozone and increased admissions with no clear evidence of a threshold.

The animals studied revealed effects that were qualitatively similar to those seen
in people. The results of a key study with rats and mice exposed 5 days per week
to ozone at exposure levels of 0.12 ppm and higher for 2 years suggested that long-
term exposure at current ambient concentrations of ozone were unlikely to produce
serious, irreversible changes in the lungs. I found those findings reassuring; they
reduced my concern for the long-term impact from brief exposures that produce re-
versible effects. Based on consideration of all of the data, the EPA staff paper rec-
ommended consideration of an 8-hour averaging time standard in the range of 0.070
to 0.090 ppm and a potential for multiple exceedances.

Based on the information presented in the ozone criteria document and analyzed
in the ozone staff paper, the CASAC reached several key conclusions:

(1) Ozone remains an appropriate indicator for use as an indicator of photo-
chemical oxidants,

(2) An 8-hour averaging time standard was more appropriate for a human health-
based standard than a 1-hour average time,

(3) “The weight of the evidence indicates that there is no threshold concentration
for the onset of biological responses due to exposure above background concentra-
tions” and, thus, “there is no ‘bright line’ which distinguishes any of the proposed
standards (either the level or the number of allowable exceedances) as being signifi-
cantly more protective of public health.”

(4) The CASAC Ozone Panel members expressed a range of preferences for the
level of the standard.

No. of Panel Members Preferred Ozone Level (ppm)
1 0.090-0.100
3 0.090
1 0.080—0.090
3 0.080
2 Policy Call

It is my professional judgment that the primary ozone standard should be set at
0.090 ppm with an 8-hour averaging time and the use of the 3-year average of the
annual third highest maximum of 8-hour average ozone concentration to evaluate
attainment of the standard. I would personally prefer to have some form of averag-
ing of data from multiple monitoring sites, when available, rather than using the
highest monitor to determine attainment of the standard. The use of multiple mon-
itors would better reflect population exposure and aggregate public health risk.

My professional opinion on the level and form of the ozone standard was shaped
by consideration of data such a that shown in Table 1. This table is based on a
study by Thurston et al. (1992) who examined the relationship between ozone levels
and hospital admissions. The model assumed ozone effects down to a background
level of 0.040 ppm. The first row on the table (Excess Admissions) was prepared by
the EPA staff and included in the draft Ozone Staff Paper. It may be noted that
the excess admissions for various ozone control scenarios included 210 cases for the
present standard to a range of 60 to 240 cases for alternative standards. For com-
parison the present situation (“as is”) is estimated to result in about 400 cases. The
five lower rows in the table were prepared by CASAC Panel members. The second
row reporting the excess admissions as a percentage change from the present stand-
ard at first glance appears to suggest considerable difference between the several
options. However, the other rows are worthy of detailed consideration before a final
conclusion is drawn.

The third row includes both the excess admissions due to ozone-aggravated asth-
ma above the level of the standard and those cases related to ozone below the level
of the standard down to background. The relative effect of the different options now
appears to be much less, as seen from examining row 4. Let us now turn our atten-
tion to row 5, all asthma admissions, with a baseline of approximately 30,000 cases.
When this value is compared with that for the various options, ozone-aggravated
asthma admissions clearly represent only a small fraction of the total number of
casels1 and the difference in impact of the various options for the ozone standard is
small.

It is especially important to note that 680 asthma admissions per year are attrib-
uted to background levels of ozone which is assumed to be 0.040 ppm of ozone.
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These calculated cases are a reflection of the linear exposure-response models used
to calculate the ozone attributable cases.

The primary public health issue relates to the approximately 30,000 cases of asth-
ma admissions. I can personally identify with these cases since one of my children,
who grew up in the clean air of New Mexico, was and is an asthmatic. My firsthand
recollection of his suffering from asthma attacks triggered by multiple causes such
as animal dander, grass pollens, extreme cold air, and heavy exercise left an imprint
on me. As much as anyone, I would like to better understand what causes asthma
including the vexing issue of why asthma rates are increasing especially when air
quality is improving. I have serious reservations as to the extent to which ozone ex-
posures are a significant contributor to the asthma problem.

Let me hasten to add that the health impacts of ozone are not restricted to effects
in asthmatics. However, the table clearly illustrates the importance of considering
the estimated impacts of pollutant exposures within the broader context of other
risk factors for specific health outcomes. In my opinion, the ultimate concern of soci-
ety is for the aggregate risks from all causes and how best to achieve an overall
reduction.

I am personally a strong advocate of comparative risk analyses such as detailed
above to help guide decisions on important societal issues. It is my understanding
that the EPA Administrator can use analyses such as this in making decisions on
the ozone standard although the Administrator is prohibited from explicitly consid-
ering costs of implementing the standard.

Before leaving the ozone issue, let me note that I believe it is unfortunate that
the Clean Air Act prohibits the consideration of cost in setting the standard. In my
opinion, the best interests of society would be served if attention could be focused
on the “best buy” for societal actions that will reduce health risks, including those
of ozone. Further reductions in ozone may not be cost-effective relative to other op-
tions for reducing risks and improving health.

The explicit consideration of the cost of achieving the various options would be
of substantial value in making a decision that is likely to have a multibillion-dollar
impact on society.

PARTICULATE MATTER

The current particulate matter standard was promulgated in 1987 when the indi-
cator for particles was changed from Total Suspended Partides (TSP) to PMio, the
latter referring to particles with a mean aerodynamic diameter less than 10pm. The
24-hour PM;o standard was set at 150 pg/m3, with no more than one expected
exceedance per year, and the annual PM;o standard set at 50 pg/m3, expected arith-
metic mean. The PMjo standard is thought to provide a more health-protection-rel-
evant metric for controlling exposure than the old TSP metric.

The particulate matter National Ambient Air Quality Standard for Particulate
Matter is not chemical specific unlike the chemical specific standards for other cri-
teria pollutants and most other substances regulated by the Environmental Protec-
tion Agency. The PM standard applies to a broad class of chemically and physically
diverse substances that exist as discrete particles (liquid droplets or solids) over a
wide range of sizes. PM is characterized as to its mass within given size range.

Knowledge of the size and origin of particles is, fundamental to understanding
their potential health effects and, ultimately, the establishment of appropriate
standards and control strategies. Particles in the atmosphere vary widely as to their
size and origin. The smallest particles arise from condensation of vapor and a clus-
tering of individual molecules. These very fine particles grow in size and coagulate
in the atmosphere to form fine (or accumulation mode) particles that are typically
less than a micrometer in diameter. Other larger or coarse particles typically arise
by mechanical processes such as the erosion of soil.

The size of particles influences the dynamics of particles in the atmosphere. The
finest particles coagulate to become larger particles. These particles may be removed
from the atmosphere by rain. The largest particles may settle out due to gravity.
Small and medium size particles may be transported long distance by the wind. As
a former resident of Albuquerque, New Mexico, I can recall that in the spring we
sometimes had some of Arizona blow through when the winds were from the west
and Texas and Oklahoma blow through when the winds were from the east.

Scientists studying particles in the atmosphere have appreciated the need to bet-
ter understand particle size and this has led to the development of methods for col-
lecting particles and characterizing the particles as to size. Just as size influences
how particles behave in the atmosphere, size also influences their potential for being
inhaled, deposited in the respiratory tract and causing adverse health effects. The
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concern for how particles of different sizes could affect health also influenced the
design of air sampling devices.

Some of the conventions for characterizing particles as to their size are illustrated
in Figure 1. In particular, note the size fractions designated as (1) Total Suspended
Particulates (T'SP); (2) Particulate Matter, 10 microns size (PMio); and (3) Particu-
late Matter, 2.5 micron size

The TSP sample represents essentially all the particles that can be drawn into
a high volume sampler. This includes many large, heavy particles that have a very
low probability of being inhaled and reaching the lungs. These particles are clearly
a nuisance but are not of major health concern.

Recognition that smaller particles that can be inhaled led to the development of
methods for collecting smaller particles including the PMjo fraction. As an aside, it
should be noted that some of the smallest of the coarse mode particles are collected
in the PM,s sample. These are collected with devices that will collect 50 percent
of the particles 10 micrometers in aerodynamic diameter. Particles larger than 10
micrometers are collected less efficiently, smaller particles are collected more effi-
ciently. The PM; s fraction is similar except the cutoff is set at 2.5 micrometers.

In 1979-1980 EPA was struggling with the issue of developing a size-selective PM
NAAQS to replace the TSP standard set in 1971. Several different size cuts were
under consideration and there was a flurry of activity to gather field data using new
devices including some calibrated for PMis, PMio, and PM>s. However, the debate
was largely removed from EPA’s regulatory agency in 1981 when the International
Standards Organization adopted a 10 micrometer cut point for particles that could
penetrate to the human thorax (i.e., the trachea, conducting, and pulmonary air-
ways). This focused attention on a PMjo standard which was formally promulgated
in 1987. With promulgation of the of the new standard and the need to demonstrate
regulatory compliance, there was a general shift to PMio measurements. TSP meas-
urements were discontinued and, unfortunately, so were most measurements of
PMys. I have termed this phenomena “looking under the regulatory lamppost.” In
general, after closure on the PM criteria document and staff paper in 1986, the level
of financial support for research on PM dwindled.

In my opinion, the Agency took appropriate action to move to a PMjo indicator
in 1987. The use of the PMo indicator has been effective in guiding actions to con-
trol particulate air pollution and minimize the likelihood of adverse health effects
attributable to particulate air pollution. From 1988 to 1995 there has been a 22 per-
cent reduction in the annual mean PMio concentrations (see the EPA National Air
Quality and Emissions Trends Report, 1995). This and a companion document, Na-
tional Air Pollutant Emission Trends, 1990-1994 are excellent references for gaining
an appreciation of the substantial progress being made in improving air quality in
the United States. Unfortunately, detailed data are not available on trends in PM, 5
and PM; o measurements. However, I suspect substantial reductions have also oc-
curred in the concentrations of these smaller particles.

During the early 1990’s reports begun to appear in the literature of time series
analyses of PM measurements and daily mortality. These were retrospective, oppor-
tunistic studies of data collected for other purposes. These studies frequently used
techniques developed originally for econometric analyses. The techniques used at-
tempted to account for or filter out effects such as season of year, temperature, etc.,
that could influence mortality with the remaining statistical relationship between
daily PM and daily mortality quantified. Later studies attempted to take account
of the role of other pollutants such as ozone and acid sulfates. A major handicap
to the conduct of many of these studies was the lack of PMio data. In many cases,
the best available data were for TSP. These were then converted or extrapolated to
PMo values or, in some cases, even extrapolated to PM,s values. On average the
investigators found about a 4 percent increase in daily mortality for a 50 pg/m3 in-
crease in PM1o concentration or extrapolated PMo values.

Unfortunately, only a very few long-term prospective studies of cohorts of individ-
uals have been conducted with associated measurements of PM and other pollut-
ants. Only rarely have long-term multiyear studies been conducted with research
quality air pollution measurements made rather than depending on regulatory com-
pliance measurements. The result is excessive dependence on the old TSP measure-
ments or more recently PM;o measurements. Only very limited research has been
done when both PMio and PM>5s have been measured and only very recently have
some PM; o measurements been obtained. In the cohort studies mortality rates after
adjustment for smoking and other confounding variables have been related to the
PMio or PM;s measurements or extrapolated values. EPA used the mortality esti-
mates from two such prospective studies to conclude that there are premature
deaths due to chronic exposure to PM.
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In my opinion, the EPA staff and consulting scientists assisting the Agency did
an admirable job of compiling all that is currently known about the health effects
of PM. Unfortunately, the price must now be paid for inadequate support of re-
search on the effects of air pollution. The data base available today is not sufficient
to establish a new PM indicator, nor select the level and fond of a new standard.

The data suggest that high levels of PM as experienced in the past are associated
with increased morbidity and mortality. However, I must note that some investiga-
tors have suggested that the effect measured is a general air pollution effect with
PM measurements serving as a surrogate measure of air pollution rather than as
a causative agent The data are reasonably strong for PMio. Unfortunately, the
dearth of PM>s measurements serve as a serious obstacle to rigorously evaluating
the association between PM,s and multiple measures of health for specific popu-
lations including those that might be especially susceptible. And we have no evalua-
tions of possible association health indices and other PM metrics such as PM; o (that
would more accurately reflect particles that have been recently formed) or particle
size and chemical specific metrics traceable to specific types of sources. An absence
of data on other plausible alternatives and the bright light of the regulatory lamp-
post keeps drawing us back to evaluating associations with PMjo and to a lesser
extent, PM>s It has been argued that the only way to get funding for more PMss
measurements is to get a PM. 5 standard. Thus, we are faced with the perverse situ-
ation of creating a standard to get scientific data rather than having a standard de-
veloped based on solid scientific data. Limited data recently obtained on PMjpo,
PM.5, and PMi o size fractions suggest that EPA may be making a serious error in
proposing a PMss standard to control health risks related to fine particles. In the
western United States where PM;s measurements include substantial soil dust, the
use of a PM;s indicator may lead to exaggerated estimates of risk. These data
strongly suggest that a PM; indicator may be more appropriate than the use of
a PMs s indicator.

The serious shortcomings in the scientific data on PM>5s and on PM;¢ led me to
not support the promulgation of either an annual or a 24-hour PM;s standard. I
reluctantly noted that if EPA was going to propose a PM,s standard, I would set
the 24-hour standard at 75 pg/m3 and an annual standard at 25 pg/ms3. These would
represent levels that would likely not result in misdirected control strategies while
PMys, and hopefully also other PM metrics are measured throughout the country.
A national strategy to better characterize PM air quality would also provide the
groundwork for development of a cost-effective PM control strategy. And, most im-
portantly, there is an urgent need to initiate multiple long-term prospective epi-
demiologic studies to assess if there is currently a PM problem and, if so, what spe-
cific size or chemical fractions are responsible. There is an urgent need for research
to establish a mechanism-based causal linkage between PM fractions to be regulated
and human disease.

To address research needs such as I have outlined in general terms will require
expenditures on the order of $50 million per year for 5 years compared to the less
than $20 million EPA is expending on PM research in 1997. The alternative to mak-
ing the research investments and acquiring information for a science-based standard
is to proceed blindly with development of standards that will have a multibillion dol-
lar impact and may or may not impact positively on human health. I urge Congress
to provide EPA guidance for immediately initiating the expanded research program
needed to establish science-based NAAQS for PM.
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Dr. McClellan has served in an advisory role to numerous public and
private organizations. He is past Chairman of the Clean Air Scientific Advisory
Committee, Environmental Health Committee, Research Strategies Advisory
Committee, and Member of the Executive Committee, Science Advisory Board,
U. S. Environmental Protection Agency; Member, National Council on Radiation
Protection and Measurements; Member, Advisory Council for Center for Risk
Management, Resources for the Future; a former Member, Health Research
Committee, Health Effects Institute; and service on National Academy of
Sciences/National Research Council Committee on Toxicology, Committee on
Risk Assessment for Hazardous Air Pollutants, and Committee on Health Risks
of Exposure to Radon. He also serves as Adjunct Professor at Duke University,
University of North Carolina - Chapel Hill, North Carolina State University,
University of New Mexico, and Washington State University. He is active in the
affairs of a number of professional organizations, including past service as
President of the Society of Toxicology and the American Association for Aerosol
Research. He serves in an editorial role for a number of journals, including
service as Editor of CRC Critical Reviews in Toxicology. He is a diplomate of the
American Board of Toxicology and the American Board of Veterinary Toxicology.

Dr. McClellan's contributions have been recognized by receipt of a number
of honors, including election to membership in the Institute of Medicine of the
National Academy of Sciences. He is a Fellow of the Society for Risk Analysis. He
has a long-standing interest in environmental and occupational health issues,
especially those involving risk assessment and air pollution, and in the
management of multidisciplinary research organizations. He is a strong
advocate of risk-based decision-making and the need to integrate data from
epidemiological, controlled clinical, laboratory animal and cell studies to assess
human health risks of exposure to toxic materials. Most recently, he served as a
member of the EPA Clean Air Scientific Advisory Committee Review Panel for
criteria documents and staff papers on ozone and particulate material.
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RESPONSE OF DR. MCCLELLAN TO AN ADDITIONAL QUESTION FROM SENATOR
HurcHINSON

Question. The 1990 Clean Air Act Amendments required the EPA to have an inde-
pendent assessment, which was conducted by the National Research Council. I have
the report here. The committee on Tropospheric Ozone Formation and Measurement
was established by the NRC to evaluate scientific information relevant to precursors
and tropospheric formation of ozone and to recommend strategies and priorities for
addressing the critical gaps in scientific information necessary to help address the
problem of high ozone concentrations in the lower atmosphere. One of the findings
in the study suggests that in many urban cores and their environs, even if anthropo-
genic (man made) VOC emissions are totally eliminated, a high background con-
centration of reactive biogenic VOCs will remain.

Further, the Southern Oxidants Study, conducted at North Carolina State Univer-
sity, states that “the complete elimination of anthropogenic VOC emissions will de-
crease peak ozone concentrations in Atlanta, but still leave parts of the metropolitan
area above the present ozone standard under some meteorological conditions.” This
statement refers to the current standards, not even the more stringent proposed
standards.

With this said, is it possible that even if we eliminate all man-made ozone, that
other areas in the country could still be out of attainment for ozone?

Response. Yes, if a stringent ozone standard of less than 90 part per bullion with
an 8 hour averaging time is promulgated it is quite likely that some areas of the
country, such as the south eastern U.S. with high background concentrations of re-
active biogenic VOCs, will be out of attainment. The lower the 8 hour standard is
set the higher the probability that areas will be in non-attainment and the larger
the geographic area impacted.

RESPONSE OF DR. MCCLELLAN TO AN ADDITIONAL QUESTION FROM SENATOR
LIEBERMAN

Question. In your statement, you express reservations as to the extent to which
ozone exposures are a significant contributor to the asthma problem. But don’t you
agree th%t ozone exacerbates the asthma problem even if we don’t know that ozone
causes it?

Response. Yes, ozone is one of many factors that can trigger asthmatic responses
in asthmatic individuals. However, there is no evidence that ozone is the underlying
factor causing the individual to be an asthmatic.
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PREPARED STATEMENT OF DR. ANNE E. SMITH, VICE PRESIDENT,
DEecisioN Focus INCORPORATED

My name is Dr. Anne E. Smith. I am a Vice President and Principal of Decision
Focus Incorporated, a consulting firm with offices in Mountain View, CA, Washing-
ton, DC, and London, UK. I have 20 years of experience in environmental risk as-
sessment and risk management, founded on a Ph.D. in economics from Stanford
University. I started my professional career in the U.S. EPA’s Office of Policy, Plan-
ning and Evaluation in 1977, where I was involved in air quality issues such as air-
borne arsenic regulations and EPA’s air cancer policy. Over the 18 years since, I
have contributed to a wide range of major environmental science/policy assessments
for the U.S. Environmental Protection Agency, the National Acid Precipitation As-
sessment Program, the Grand Canyon Visibility Transport Commission, the Electric
Power Research Institute, the Gas Research Institute, and many others.

In 1980, I was one of the experts selected by the U.S. Environmental Protection
Agency’s Office of Air Quality Planning and Standards to develop methods for as-
sessing risks from criteria air pollutants, with a demonstration assessing risks from
ambient carbon monoxide. I also served the United Nations Economic Commission
for Europe in preparing a plan for analyzing acid rain control strategies. In the late
1980’s, I worked closely with the Director of the U.S. National Acid Precipitation
Assessment Program, advising on methods for integrating the scientific research
into a comprehensive assessment. Recently, I developed the system used by the
Grand Canyon Visibility Transport Commission to assess alternative policies for
managing the particle precursors that contribute to impaired visibility in the South-
west. I also performed the economic analyses of the Commission’s recommended vis-
ibility management alternatives. In addition to my consulting engagements, I have
served on a number of expert panels on risk assessment, including two committees
of the National Academy of Sciences, a Keystone Foundation dialog, and two com-
mittees of the United Nations Environment Programme.

I am honored to have this opportunity to speak with you today about the science
supporting the proposed new standards for fine particulate matter, PM,s. My state-
ment reflects my personal opinions, and not those of my company or any other
group.

In previous statements on this issue, I have likened the current situation for PM
to the classic “Shell Game”—the one where you try to guess which of several walnut
shells is covering a pea. The proposed fine particle standard would force the expend-
iture of a great deal of money to reduce PM from a variety of sources, yet it is far
from clear that the proposed standard would successfully target the true culprit that
is causing adverse health impacts. We could turn over many empty shells, at great
expense, but with little benefit to public health. I will explain why.

WHAT IS THE EVIDENCE OF A PM-RELATED HEALTH EFFECT?

There are a number of statistical, or “epidemiology”, studies that seem to indicate
that as ambient PM goes up and down, so too do the levels of health effects. How-
ever, when we observe two types of data going up and down together, we should
not necessarily conclude that there is a causal relationship between the two phe-
nomena. For example, if we were to observe such an association between heat stress
mortality and ice cream cone sales, few people would suggest that one is caused by
the other. The error in this example is so obvious to us because we all have a good
understanding of the biological processes that result in heat stress. So, when we
have statistical evidence of the sort that seems to suggest that ambient PM and
mortality go up and down together, we also want to have scientific data about bio-
logical processes associated with PM to help us explain why we should believe this
is a causal relationship and not just a statistical association.

WHAT DOES THE SCIENCE TELL US ABOUT A BIOLOGICAL EXPLANATION?

If you review EPA’s Criteria Document for PM, you will find that EPA concludes
that “no credible supporting toxicologic data are yet available.”! That is, when very
high levels of various types of PM constituents have been inhaled or otherwise
placed in the lungs of humans or animals, no one has observed a consistent re-
sponse of the tissues that could be clearly linked to the health effects observed in
the statistical studies. This inability to elicit significant and consistent biological re-
sponses to high levels of PM exposure is troubling, since you might expect adverse
changes to be readily observable in laboratory experiments if the health effects were
as large as the statistics seem to suggest. Toxicological evidence suggesting adverse

1USEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-31.
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health effects is present for other criteria pollutants (e.g., ozone, carbon monoxide,
sulfur dioxide, nitrogen oxides, etc.).

The inconsistency between the statistics and the toxicology findings give us a
strong motivation to try to develop a line of physiological or medical reasoning to
explain whether or not these statistical relationships are biologically plausible. At-
tempts to provide such reasoning have been at best speculative. In the peer-re-
viewed Criteria Document, EPA suggests that such reasoning is not compelling:
“There is . . . a paucity of information . . . that argues for the biologic plausibil-
ity of the epidemiologic results.”2 Those attempts that have been made to construct
an argument for biological plausibility for mortality (which is what is driving the
large benefits estimates for the proposed standard) have suggested that the suscep-
tible person is very much on the edge of life: for example, “a triggering of a lethal
failing of a critical function, such as . . . lung fluid balance . . . in [people] al-
ready approaching the limits of tolerance due to preexisting conditions.”3 Under
such circumstances, any of a number of air contaminants could have the same effect
on the person. I don’t find these plausibility arguments a compelling case for PM
alone, because (1) these arguments could be used to explain the effects of many
other air pollutants or weather patterns, while also (2) there are some very good
reasons why the statistical results could be picking up the effect of one of these
other possible contributors, as I will now explain.

WHAT ARE THE STATISTICAL REASONS TO DOUBT THAT PM IS TRULY CAUSING THE
OBSERVED MORTALITY?

We are faced with a situation where statistical results have not been corroborated
by the rest of the sciences. As every first-year statistics student is taught, it is very
easy to make big mistakes with statistics in this situation. This is why many of the
researchers, whose findings EPA is using, describe PM as a possible “surrogate for”
or “correlate of” a yet-to-be-known specific culprit.4

In statistical studies cited in EPA’s Criteria Document, researchers looked for pat-
terns of association between PM and mortality. The difficulty is that the data to do
this contain many types of random variations, and the relationships we are looking
for are probably complex. There are many types of statistical errors that one can
commit when analyzing data that contain random variations, and there are many
ways of trying to avoid or minimize statistical errors. The Criteria Document de-
scribes these statistical errors and the potential for misinterpreting statistical re-
sults.> Due to these potential errors, the Criteria Document states that “confident
assignment of . . . variations in health endpoints to specific air pollutants may still
require additional study”® and also concludes that “much caution is warranted with
regard to derivation or extrapolation of quantitative estimates of increased
risks . . . based on available epidemiology information.” 7

The question for me has been, How much caution is warranted? Recently, I start-
ed to explore the likelihood that these errors might be large enough to affect the
overall qualitative picture of PM risks that can emerge from statistical studies. As
a result of some numerical experiments of my own, I believe that we need to really
look much more closely at the potential errors in the statistical results than EPA
has done to date. This is because the PM studies exhibit two distinct types of data
problems at the same time. It may seem arcane to worry about combinations of
problems, but the common statistical methods for detecting these errors individually
don’t work when both of the following common data problems are present in the
same data set:

(1) Several different pollutants in the data tend to rise and fall with similar
patterns (i.e., levels of various pollutants are “correlated”); and

(2) There is more difficulty in getting good estimates of people’s actual expo-
sures for some of the pollutants than for others (i.e., there are differences in
“measurement errors”).

These are very common problems for ambient pollution data. They both occur to
a certain degree in all of the PM studies; they occur together. My numerical experi-

2USEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-31.

3See USEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-51 to 13-57.

4 See for example, Health Effects Institute, Particulate Air Pollution and Daily Mortality: Rep-
lication and Validation of Selected Studies, August 1995, page v.; and abstract of Pope et al.,
“Particulate Air Pollution as a Predictor of Mortality in a Prospective Study of U.S. Adults,” Am.
oJ. Respir. Crit. Care Med., Vol. 151, pp. 669-674, 1995.

5See USEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-51 to 13-57.

6 USEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-93 to 13-93.

TUSEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-32.
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ments with these two effects (correlations and differential measurement errors) have
suggested to me that the epidemiological conclusions on PM may not only be subject
to quantitative inaccuracy, but actually may be at odds with the truth in a quali-
tative sense. In my numerical experiments, a pollutant that was constructed to have
a perfect relationship with the mortality data repeatedly appeared to have no statis-
tically significant relationship. A pollutant that was constructed to have no effect
on mortality repeatedly appeared to have a strong and statistically significant ef-
fect.8

It is not surprising that I could generate such results, since the potential for such
errors has been proven theoretically.® However, I was surprised at how large and
consistent the error in the statistical conclusions was when I used realistic values
for degree of correlation and measurement error. If these typical data conditions
really can be this effective in getting us to draw incorrect conclusions, then it means
that we could be finding consistent statistical evidence implicating fine PM across
numerous studies in many locations and over different periods of time, even if fine
PM were having little or no causal effect on mortality at all. One or more other fac-
tors may be the real cause.

If this potential statistical error cannot be addressed satisfactorily, then reduction
of uncertainty about the causative role of PMio or PM> s should depend very heavily
on obtaining corroborating scientific evidence of a biological mechanism.

BUT WHAT IF WE DECIDE TO BELIEVE THERE IS A FINE PARTICLE EFFECT ANYWAY?

I have given you my reasons for skepticism about the statistical evidence. But ev-
eryone has to draw their own conclusions, and other people may be prepared to be-
lieve that there really is a significant fine particle effect. If we were to have con-
fidence there is a fine particle effect, then would we have enough information to set
standards that are protective of the public health? I think not. The Shell Game still
applies, and at this point, the existing statistical studies do not even pretend to be
able to help.

Why? Look at what PM_s consists of. Unlike any other criteria pollutant, it is
made up of many components, and each component is like another shell that may
or may not contain the pea. Particles come from many types of sources, and for each
source, the particles consist of very different chemicals and particle sizes. These dif-
ferences may be highly significant for health. Not one of the available statistical
studies on PM has attempted to unravel the roles of all the key types of PM con-
stituents, simply because there are no statistically usable data about how these con-
stituents vary in different places and at different points in time. As a result, con-
sider the effect on these policy-relevant questions:

¢ Are some specific PM constituents creating a toxic effect, while other parts of
the PM mix are non-potent? . . . No one yet knows.

« Have we deduced the likely importance of the various constituents from biologi-
cal data? . . . Not yet.

¢ If we require reductions of fine particles generically, can we be confident that
the true culprit or culprits will end up being controlled? . . . No.

The true culprit is not known, and better statistical analysis will not resolve this
uncertainty; only better exposure data will. Better laboratory and clinical-level in-
formation on health effects will also help. Until we have data that can start to re-
veal the roles of the constituents in the PM mix, and the role of PM versus other
pollutants, we cannot expect to have better answers to these important policy ques-
tions. Thus, use of current scientific information to set public policy amounts to
playing a classic “Shell Game,” even if you believe fine particles cause adverse
health effects.

Let me try to illustrate the dilemma by reviewing some of the hypotheses de-
scribed in the Criteria Document:

¢ Some toxicological evidence points not to the fine particles, but the ultrafine
particles (e.g., less than 0.1 pm in diameter).1° This would suggest that regulations
should target combustion sources that are very close to people, such as automobiles.

¢ Another hypothesis relates to how acid the particles are.l1 Acid particles mostly
come from sources of SOx and NOy, such as power plants.

8 A briefing on these results could be provided to the Subcommittee.

9See, for example, Lipfert, F.W. and R.E. Wyzga, “Uncertainties in Identifying ‘Responsible’
Pollutants in Observational Epidemiology Studies,” Inhalation Toxicology, 1995, Vol. 7, pp. 671—
89.

10USEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-76 to 13—78.

11USEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-72 to 13-76.
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e Yet another hypothesis points to long-term accumulation of particles in the
lungs.12 This would suggest controls on those particles that are not soluble, such
as road dusts, and soot from diesel combustion.

The list of hypotheses and potential culprits goes on. It seems unlikely that all
of the hypothesized physiological effects will turn out to be equally important. Until
we know which of the hypotheses to believe, we run the risk of controlling particles
that don’t significantly harm the public health. And, we run the risk of not control-
ling particles that do create a public health hazard. I do not have confidence that
we will end up controlling the right constituent if we set a generic fine particle
standard as proposed.

HOW HAS EPA COMMUNICATED ABOUT THESE UNCERTAINTIES IN ITS RISK AND
BENEFITS ASSESSMENTS?

EPA’s peer-reviewed Criteria Document for PM describes the pitfalls that need to
be considered in the use of the statistical findings,!3 and issues warnings about
using the statistical results as an actual dose-response:

“There remains much uncertainty . . . regarding the shapes of PM exposure-
response relationships, the magnitudes and variabilities of risk estimates for
PM, the ability to attribute observed health effects to specific PM
constituents . . . and the nature and magnitude of the overall public health
risk imposed by ambient PM exposure.” 14

Despite these warnings in the peer-reviewed Criteria Document, EPA’s Staff
Paper and its Regulatory Impact Analysis have all used the statistically derived es-
timates as if they give us a reasonable approximation of a causal relationship, with
no uncertainty other than the error bars reported in the single study used for each
health endpoint. As I have explained above, those statistically derived error bars
may themselves be unreliable. And, in the case of the benefits ranges in the Regu-
latory Impact Analysis, even the statistical error bars have been dropped; uncer-
tainty analysis has devolved to two point estimates from two individual studies,!5
and EPA seems to imply that this is the major source of uncertainty in these bene-
fits estimates:

“The uncertainty associated with the benefits estimates are substantial. In
particular, benefit estimates vary greatly depending [whether the long-term or
short-term mortality study is used to estimate mortality benefits].” (emphasis
added).16

Thus, EPA has made several very important presumptions in the risk analyses
and benefits estimates that it is using to support its proposed PM> s standards:

* EPA’s risk analysis presumes that if the statistical indicator or surrogate is con-
trolled, that the actual culprit also will be controlled.

Until we are confident that the statistical association is evidence of causation,
this is like the ancient Greek practice of killing the messenger who delivers bad
news. For example, ambient levels of PM might simply be correlated with an-
other factor that is the true culprit, such as carbon monoxide or weather. Re-
ducing PM would not produce any health benefits—at the moment it is still only
a kind of “statistical messenger”, telling us that some kind of health effect ex-
ists in our environment.

¢ Even if PM.5s is a problem, EPA’s risk analysis also presumes that any action
taken to reduce PMy s will certainly control the specific culprit.

For example, if organic carbon particles are the culprit, controls on SOy and
soot are still assumed to provide health benefits. This is like assuming that we
can win the Shell Game no matter what shell we look under.

There are many other types of uncertainties in the risk analysis that EPA’s staff
also have not incorporated, and which I have described in earlier formal written

12USEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-23.

13USEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-51 to 13-57.

14 USEPA, Air Quality Criteria for Particulate Matter, April 1996, p. 13-30.

15The estimate of $58 billion is based on “short-term mortality”, using the 1996 Schwartz et
al. “Six Cities” study. The estimate of $119 billion is based on “long-term mortality”, using the
1995 Pope et al. Study. No uncertainty of any sort is incorporated into any benefits estimates
in the Regulatory Impact Analysis other than whether short-term or long-term mortality is the
relevant health endpoint for making benefits estimates.

16 USEPA, Office of Air Quality Planning and Standards, Regulatory Impact Analysis for Pro-
posed Particulate Matter National Ambient Air Quality Standard, November 4, 1996, p. 10-4.
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comments to EPA.17 Overall, EPA’s estimates of the benefits of the proposed PMzs
standards do not reflect the real uncertainties that statisticians openly acknowledge
in their publications, and which EPA describes in its own Criteria Document. The
$58 to $119 billion per year of benefits that EPA estimates we will obtain from the
proposed PM,s standard 18 is actually like a lottery that we might win—if all of
these presumptions are correct. At the same time, there is a substantial probability
that the benefits could be very small, even zero.

DOES THE NATION WANT TO PLAY THIS SHELL GAME?

This is a valid policy question. Given the large cost of the proposed regulation,
it deserves an open public debate tempered with a willingness to acknowledge the
true state of scientific understanding. Since the costs of any additional regulation
would be undertaken with a degree of uncertainty that has the quality of a Shell
Game, it is essential to good public policy that this decision be informed by esti-
mates of risks and benefits that properly reflect the true extent of uncertainty that
we are facing.

The state of science leaves a reasonable chance that the proposed PM; s standard
would not generate any significant benefits at all. In such a situation, it is also rea-
sonable to consider whether there are more effective ways of protecting the public
health. I have seen no serious discussion from EPA of the merits of regulatory op-
tions other than a generic PM,s standard. The proposed PM,s standard has not
been designed to try to manage the uncertainties I have described. It does not ac-
count for or suggest the relevance of trying to maximize the chances that the most
likely culprits will be controlled. Why should anyone expect this standard to acci-
dentally hit the right target?

We should try to aim more carefully, with a more thorough consideration of the
uncertainties, and of alternatives that can improve our likelihood of achieving the
desired public health benefits. I am not suggesting years of delay . . . I am sug-
gesting better risk management through a more complete assessment of the uncer-
tainties, and a more complete assessment of alternative regulatory approaches.

17Smith, Anne E., “Comments on Risk Analysis in EPA’s Draft Staff Paper for a Particulate
Matter National Ambient Air Quality Standard”, submitted with the official comments from the
Utility Air Regulatory Group on the Draft PM Staff Paper, June 6, 1996. (Note: Although this
reference provides comments on the draft version of the Staff Paper, the concerns that it raises
remain relevant to the final Staff Paper.)

18 USEPA, Regulatory Impact Analysis for Proposed PM»s Standard, November 1996, table
9.8.
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March 11, 1997

Members of the Senate Committee on Environment and Public Works
Subcommittee on Clean Air, Wetlands, Private Property, and Nuclear Safety

United States Senate

Washington, DC 20510

Dear Senator:

Enclosed you will find a copy of my response to written questions from Senators
James Inhofe and Tim Hutchinson. This supplements my testimony of February 5, 1997
to the Subcommittee and was formally submitted to the Committee office on February
25,1997.

As I promise in the written responses, I am sending Subcommittee members a
copy of the paper on these issues that [ have just finalized. It is entitled, “How Statistics
Can Mislead PM Policy: A Case of Smoke and Mirrors?”  This paper is being
submitted to the United States Environmental Protection Agency as a part of the Utility
Air Regulatory Group’s written comments on the proposed PM regulation.

Recently, Inside EPA’s Risk Policy Report published my article, “The Real
Particulate Matter Culprit: EPA’s Flawed Assumptions,” which articulates additional
thoughts on the PM regulatory issue. Again thank you for the opportunity to present
this important information to you. If I can be of further assistance, please contact me.
Sincerely,

e g' =~

Anne E. Smith, Ph. D.
Vice President

enclosures

Mountain View, CA

Porrtand, OR
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Dr. Anne Smith’s Resp To Questions From S Inhofe and Hutchinson

DR. ANNE SMITH'S RESPONSE TO QUESTION FROM SENATOR TIM HUTCHINSON

Question 1. Could you elaborate on the issue of a lack of monitoring data in our largest cities,
what is needed to alleviate this need, including how long would be needed to
conduct a thorough study, and once that data is gathered, what is needed to a
analyze it?

For a situation of this complexity, epidemiologic evidence alone is unlikely to ever be
sufficient to prove causality. Future research plans need to focus most heavily on toxicological
studies and clinical and laboratory studies. More and better monitoring data will not address that
more critical data need. However, if we also want to improve the uncertainties in the
epidemiologic risk estimates, there are several critical exposure data weaknesses that need to be
addressed:

¢ PM,, must be directly monitored, not estimated from PM , data as is the case for many of the

epidemiologic studies that purport to have considered PM,,. As you point out, we have
essentially no current PM,, monitoring network that provides an on-going stream of directly
measured ambient PM,, levels. The only coordinated PM,, monitoring at present is the
IMPROVE network, which is rural and therefore not relevant to understanding risks to the
majority of the U.S. population. Even though about 43 of the IMPROVE sites do monitor rural
PM,,, these data are not appropriate to use, and have not been used, in the epidemiologic
studies. The PM,, data for 50 cities that were used in the 1995 American Cancer Society study
(which is the basis for EPA’s high estimates of benefits from “long-term mortality” risk) are
over 15 years old, and do not represent a current monitoring network. The PM,, data used in
the 1996 “Six Cities” study by Schwartz, Dockery and Neas (which is the basis for EPA’s
estimates of benefits from “short-term mortality” risk) is about 10 years old, exists for only six
cities, and is proprietary: no one other than Harvard researchers can make use of these
monitored data. As a result, most other studies have had to resort to using PM,, data that is
approximated from PM,, or TSP data.

e Whether we are monitoring PM,. or PM,, we need a greater density of samplers for
epidemiologic studies. The current PM,, network was designed to determine compliance, not

to provide data of the quality necessary for good epidemiology. As a result, all the existing
statistical studies, whether for PM,, or PM,, use a single monitor to approximate actual
individual exposures over dozens of miles. For example, in the “Six Cities” study, a single
monitor in Harriman, TN was used to estimate PM,, exposures of people over 50 miles away
in Knoxville, TN. Until the PM monitors are closer to the people whose health is being
monitored, there will be large measurement error in these studies, making them very weak
evidence of health impact.

e Personal exposures must be monitored. We need to actually track the exposures of

individuals and compare their actual PM exposures to those that would be estimated using
local ambient monitor data. This is necessary to understand how much confidence we can
give to ambient data as a sign of population exposures, and to determine how dense the PM
monitoring network needs to be to improve the quality of epidemiologic studies.
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» Individual constituents in the PM mix need fo be monitored too. Until we have information

about how the many constituents of PM,, are changing over time and over space, we will not
have any ability to study one of the most significant information gaps: whether the culprit is
all types of PM, or some subset of PM, or some non-PM pollutants. Constituent-level
monitoring would not be required under a PM,, standard. Besides, the proposed method for
measuring PM,, (EPA’s “Reference Method”) has substantial technical inadequacies that will
lead to very inaccurate estimates of individual constituents, and thus also of the total PM,,
concentrations. Thus, this important data gap may not be possible to close even with a
substantial investment in a PM,, monitoring network as proposed by EPA.

* We need simultaneous measurements of other potential culprit pollutants. Another very

critical problem with the epidemiologic evidence is its failure to address other pollutants that
may also be causing some or all of the observed health effects. Better PM,, data is not enough:
we need better data on all the potential culprit pollutants for the same populations.

Several researchers have suggested that about 5 years will be needed to collect the
additional data to improve our data gaps. This would be a minimum amount of time to set up the
network, collect sufficient data, and perform preliminary analyses, What is important to
emphasize, however, is that more is needed than 5 years of better ambient PM,, monitoring data.
We need the personal monitoring studies to help us understand the degree of error that we make
when estimating a population’s pollutant exposures from ambient monitor data, we need
constituent-level data to try to determine whether observed effects are associated with PM from
specific types of sources, and we need data for non-PM, gaseous pollutants, to allow the studies to
properly seek out potential culprits from the full set of possible candidates. If we do not
somehow start understanding and accounting for the differences in measurement errors among
all the possible culprits, no amount of additional data on PM,, will result in better epidemiology
studies.
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DR. ANNE SMITH’S RESPONSES TO QUESTIONS FROM SENATOR JAMES INHOFE

Question 1.  You mentioned that you have yourself developed estimates of measurement
error problems that give you concern. Could you describe the nature of those
experiments and results.

It is well known that measurement error leads to biased estimates of the relative risk, and
can make it infeasible to detect a threshold or other strong non-linearity in a relationship between
ambient air pollution and health effects. It is also known that if measurement error is larger for
one pollutant than for another, then the statistical regression techniques of epidemiology might
incorrectly make one pollutant seem more potent than the other. Like many other people facing
these facts, I wasn’t sure how much importance I should ascribe to these statistical complications.
Is this a relatively minor source of error? Or could these biases be so large that they might be able
to undermine arguments that the epidemiology studies are showing a “real” relationship between
PM and health? When | am faced with questions like this, I like to construct hypothetical
numerical examples to test how strong the effect can be under a range of possible data conditions.

Then I can determine for myself just how much emphasis I should give to an issue. In other
words, I let the numerical expetiments help me sort out issues that really might distort the bottom
line conclusion from issues that are interesting theoretical points, but aren’t likely to really alter
the bottom line conclusion. 1 have done a number of these types of numerical experiments for
issues that have been raised in the PM health debate; the measurement error issue has stood out
as one of the most important problem areas that I have explored. I will try to describe what I have
discovered and how in the following paragraphs.

Briefly, I found that quite realistic levels of inaccuracy (as defined below) in estimates of
actual exposures to two correlated pollutants can be sufficient to create so much bias in regression
estimates of their respective health impacts that epidemiologic techniques could consistently and
strongly implicate a completely innocent pollutant and not find any strong or statistically
significant relationship between heaith and the actual culprit pollutant. I also found that if these
“measurement errors” are sufficient to cause such false conclusions under one set of data, then
this erroneous conclusion would occur over and over, under many different sets of data that
contain the same degree of measurement error. This is not a randomly occurring bias that may
happen one out of 100 times - it is a structural bias. A 99% confidence level in statistics does not
account for this kind of structural error, and is meaningless as evidence against the presence of
this kind of error.

I am in the process of preparing a detailed written explanation of the actual numerical
calculations, but I will briefly summarize them here. The longer description will be submitted
with formal comments to EPA on the proposed PM,, standard at the time of the March 12
deadline. It is being written in the form of a non-technical explanation of the implications of
measurement error and confounding, hopefully to provide readers with an intuitive rather than
theoretical understanding of how measurement errors can end up generating such incorrect
statistical conclusions. I will forward the full description to all the members of the subcommittee
when it is finalized. In the meantime, I will summarize what was done numerically to cause me
to come to the conclusions I stated above. A colleague at Decision Focus Incorporated, Dr.
Nathan Chan, assisted me in conducting these numerical experiments.
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First, we created daily data for a hypothetical “culprit” pollutant with a well-defined
relationship to health: as the pollutant increased, so would mortality. The hypothetical
relationship was that for every extra unit of that pollutant on a given day, there were a specific
number of extra deaths that day. There were no errors or noise in the data we created: this would
be a very easy relationship to detect statistically. We also created daily data for a second
“innocent” pollutant: no matter what the level of the innocent pollutant, there were no increased
deaths. Using the daily levels of the culprit pollutant, we generated the number of daily excess
deaths according to the relationship mentioned above. Thus, we created a data set that included
the daily number of excess deaths, and associated daily pollutant exposures for two different
pollutants. We applied standard epidemiological techniques of regression analysis to see what
relationship the statistics would find based on these data.

As one would hope, when there was no measurement error and no correlation between the
two pollutants, the statistics picked out the first pollutant as the culprit, and identified the
numerical relationship with perfect accuracy. .

Next, we added some correlation between the two hypothetical pollutants, so that as the
culprit pollutant went up and down, there was a strong likelihood that the innocent pollutant
would go up and down too. This is the condition cornmonly called “confounding”. We applied a
“positive correlation”, ing that the pollut g lly tend to move in the same direction as
each other. This simulates the real world, where pollutants like NO,, S0,, carbon monoxide, and
PM,, all tend to be higher on some days, and all tend to be lower on other types of days. Even
with this correlation, the epidemiologic methods still easily discerned which of the two pollutants
was the true culprit because there is no randomness or other sources of variability in the mortality
relationship that we have constructed.

However, we then started to add a single form of randomness to the data: measurement
error. That is, for each day in the data set, we took ‘he actual pollutant exposures for both
pollutants, and approximated them by adding on a randomly determined amount of error (we
used a computerized random numnber generator to create these measurement errors). We then
used the approximated exposure data in the regressions. This is a very real form of error in the
actual data of all the existing studies on PM, because they are all using data from one or a few
monitored locations to approximate actual exposures of large groups of people for dozens of miles
around. We found that even small amounts of this single type of randomness cause the statistical
methods to have trouble determining which poll is the culprit. The innocent pollutant starts
to show a statistical association with health (erroneously, of course); and this effect is apparent
even if we estimate the pollutant exposures with better than 90% accuracy (i.e., the measuremen
error is within plus or minus 10% of the actual poll posure). This errc relationship is
statistically significant even when the culprit and the innocent pollutants are both in the
regression simultaneously. As measurement errors are increased to about plus or minus 50%, the
regression results suggest that both pollutants are equally potent, even though we know that one
of them is not potent at all.

In reality, pollutants are measured with different levels of accuracy, and this is where the
epidemiology errors become truly serious. This is where the culprit can appear to be a non-
significant contributor and the innocent pollutant can appear highly significant, even when both
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pollutants are included in the regression. We have seen discussions indicating that measurement
error can easily be over 50%, and can easily be much greater for some pollutants than others, due
to very large differences in the spatial variations in concentrations. One experimental case we
looked at involved a “pretty good” approximation of exposures to the innocent pollutant (about
25% random error applied to the actual exposures), and a “pretty poor” approximation of actual
exposures for the culprit pollutant (about a 100% random error applied to the actual exposures).
The correlation between the pollutants was 0.56 (on a scale of 0 to 1). When we ran regressions on
data with these levels of errors, we found that the culprit never appeared to have a strong
relationship, and the innocent pollutant was consistently showing a strong, statistically significant
relationship. On average, over multiple different experiments, the estimated relative risk for the
innocent pollutant was about 8 times higher than the estimated relative risk for the true culprit.
Also, the measure of statistical significance for the innocent pollutant’s relative risk
(the “t-statistic”) was 7 times larger than the significance measure for the culprit. Effectively, the
culprit would not be accepted as having a statistically significant relationship at all. This kind of
statistical reversal of reality occurred with much more optimistic assumptions about levels of
measurement error, where we could measure the innocent pollutant with over 90% accuracy, and
we could measure the culprit with over 50% accuracy.

Our experiments indicated that differences in measurement error matter more than the
degree of measurement error. Differences in measurement errors among real-world pollutants are
realistic: gaseous pollutants such as carbon monoxide and NO,, and the coarse fraction of PM,,
tend to drop off rapidly away from their sources. By contrast, PM,, and SO, tend to have fairly
constant levels over broad areas. SO, may be somewhere in between the two groups. All these
pollutants are positively correlated, however. What if carbon monoxide or NO, were the true
culprit in the real world, and PM,, were not causing health effects at all? What if both PM, and
the coarse fraction of PM equally contribute to health effects? If, in the real world, any of the
gaseous pollutants or any of the coarse fraction are actually causing health effects, these numerical
experiments tell us that epidemiologic methods run a substantial risk of falsely indicating that
'PM,, is the only culprit.
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Question 2. How do you account for the apparent discrepancies between your findings on
measurement error problems and the analysis described by Drs. Schwartz,
Dockery and Neas in their 1996 Air & Waste Management Association paper,
which seemed to imply very minor potential biases?

My numerical experiments highlighted cases where PM,, is not the primary or sole health
effects culprit, yet epidemiology can falsely identify it as such. The examples on measurement
error in the paper by Schwartz, Dockery and Neas do not involve conditions where epidemiology
could erroneously suggest that PM,, is the culprit. Their two examples both presume that PM,, is
the culprit. In other words, we have each analyzed different sets of conditions, which each lead to
different types of errors. All of these sets of conditions are equally valid possibilities. However,
since the epidemiology studies are finding a strong positive association for PM,,, the important
question at this point in time is whether there are realistic conditions not yet analyzed in those
studies under which this association might not reflect a causal relationship. My examples have
shown that such realistic conditions can exist and they have not yet been studied. Their examples
do not disprove this point, or even address it.

To clarify, I have listed in Table A all of the possible combinations of conditions for two
pollutants (“pollutant A” and “pollutant B”) that aré positively correlated with each other. The
table describes the statistical problems that would appear in each case. There are four
combinations: the case where only one of the pollutants is responsible for the heaith effects, and
the case where both of the pollutants are responsible, for each of which, one pollutant or the other
has the larger measurement error. If you replace “A” with “PM,.”, then Cases 1 and 2 are
situations where PM,; might be an innocent pollutant yet ends up being falsely identified as the
culprit. Cases 1 and 2 are the ones that give us the most concern: these are the situations where
we would be making a big mistake if we were to regulate PM,, on the basis of the current
epidemiologic evidence. These are the cases that my experiments find to be potentially real.
These are not addressed in the Schwartz, Dockery and Neas paper. In fact, their paper suggests
that to consider these other cases “would only confuse the paper and analyses” (p. 936, JAWMA,
October 1996). Such cases are confusing; they are also difficult to study given the lack of data on
the other pollutants, and they do reduce the statistical “power” of the analysis, but they represent
the critical potential mistakes that could come from believing these epidemiologic results.

Table A, Possible Measurement Error Conditions for Two Positively Correlated Pollutants, and
Potential Resulting Epidemiologic Errors

Which  pollutant | Difference in | Resulting bias in statistical results
{A or B} is true | measurement
culprit arror

1. A is innocent; B | A has smaller | Strong chance A would be falsely accused; Strong chance B would
is culorit meas, error be faisely deemed insignificant.

2. A is innocent; B] B has smaller | Some chance A would be falsely accused;
is culprit meas. error Some chance B would be falsely deemed insignificant.

3. BothAand Bare | A has smaller | Magnitude of A’s role will be overstated; B's role will be understated
culprits meas. error and B may be falsely deemed insignificant.

4. [BothAandBare | B has smaller | A's role wil be understated and A may be falsely deemed
culprits meas. efror insignificant; Magnitude of B's role will be overstated.
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Schwartz, Dockery and Neas have focused on Case 3 in Table A, where PM,, is a culprit
and is measured with relatively small error. For example, they describe a case where temperature
and dewpoint information are made so erroneous as to be missing (think of them as “pollutant
B”), and PM,, is given an incremental error on the order of 10%. In Case 3, the worst possible
statistical error with regard to PM, s role is that it’s potency might be overstated, or “biased
upwards”. Their example shows that for weather vs. PM,,, with errors of the relative magnitude
assumed, the upward bias is on the order of 13% for every 10% of error estimating actual PM,,
exposures. This does not disprove that Cases 1 and 2 may also be at work: even without the
controls for weather-related conditions, PM,, could still be reflecting the effects of other pollutants.

The second example on measurement error provided in the Schwartz, Dockery and Neas
paper also relates to Case 3 of Table A. They discuss the effects of measurement error on PM,
and CM (the coarse fraction of PM10), and suggest that such errors could not explain PM,/'s
greater statistical significance. (Think of “A” as “PM,,” and “B” as “CM".) Unfortunately, in this
example their logic and analysis are wrong in two ways:

1. They incorrectly state that the significance level of Pollutants A and B
(i.e., their t-statistics) would not be affected by measurement error. This is wrong,
as my own numerical experiments and analyses of others demonstrate.

2. They also state that CM and PM,; would have similar measurement errors.
This is wrong: ambient concentrations of CM are much less uniformly spread
over space than PM, -- this is even one of the reasons Schwartz and others
have given for why we should control PM,, and not CM!

When measurement error of PM, is acknowledged to be smaller than measurement error
of coarser particles, and we are concerned that both might be culprits, we are clearly looking at
Case 3, and the result is that the coarser fraction (“pollutant B”), might be falsely deemed
insignificant. In other words, if you correct the factual errors in their example, you actually
disprove the key conclusion of their paper: their analysis does not provide strong evidence that
the fine fraction has more effect on health than the coarse fraction of PM.
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P

Question 3.  Your statement alludes to a critique of the risk estimates in the draft Staff
Paper. Were your comments addressed in the final Staff Paper?

No. The final Staff Paper retains the same basic problems that I raised in my comments on
the draft Staff Paper. The crux of my concern was with the final summary tables showing the
levels of excess deaths projected under alternative PM standards. These tables provide a point
estimate and a range that is called a “90% credible interval” for the estimates. The terminology
and text suggest that this range reflects the results of a full uncertainty analysis. It does not. Each
range reflects only the statistical confidence interval from a single study. That was the case in the
draft Staff Paper, and it is the case in the final Staff Paper. No change was made.

Both the draft and the final Staff Paper provide several sensitivity analyses and discussion
of uncertainties in the text leading up to those summary tables. The reader gets the impression
that lots of careful uncertainty analysis is behind those summary tables. But even if some
uncertainty analysis has been done on the side, it is not reflected in the summary tables. The final
Staff Paper is worse than the draft in this way, because it provides even more complex discussions
of “integrated uncertainty analyses” in the general text...and then the final “90% credible interval”
does not reflect these analyses at all.
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SYNOPSIS AND IMPLICATIONS

New air quality standards for fine particulate matter (PM,,) have been proposed by the
U.S. Environmental Protection Agency. The proposed standards are to address concerns that
low ambient concentrations of fine particles (commonly described as smoke or soot, but
actually a far more complex class of pollutants) may be a significant source of increased health
risks. These concerns derive from statistical, epidemiologic studies, with little compelling
scientific evidence supporting a causal relationship. This paper focuses on several key
limitations that apply to all of the available epidemiologic studies. These limitations have been
acknowledged, but the potential degree of error that they may cause is not widely recognized.
As we will demonstrate, realistic situations could cause study after study, in widely varying
locations, to find a statistically significant relationship between PM or PM,, and health effects,
even if PM is completely innocent. At the same time, true culprits, whether some other
pollutant(s) or some other common aspect(s) of our environment, could be deemed “innocent”
by epidemiology, even if researchers have explicitly included data on these culprits in their
analysis.

In this paper, we endeavor to communicate both to those well-acquainted with the
epidemiologic analyses and to a non-technical audience. We explain the causes of several
common problems with pollution exposure estimates, and illustrate how these complications
can cause epidemiology to generate completely misleading conclusions. We hope that this
paper will enable all types of readers to understand intuitively how likely these problematic
conditions might be, and how seriously they might be misleading many participants in the
PM, , policy debate.
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1. INTRODUCTION AND OVERVIEW
What is the statistics debate about?

The U.S. Environmental Protection Agency (EPA) has proposed a new set of national
ambient air quality standards for particulate matter.' These proposed standards would
augment the current standards, which are based on concentrations of particles measuring less
than 10 micrometers in diameter (PM,), with additional standards regulating the
concentrations of particles measuring less than 2.5 micrometers in diameter (PM,,). The
foundation and rationale for these new standards, as set forth by EPA, are based primarily on a
number of epidemiologic studies. By contrast, there is currently a lack of scientific
understanding regarding the toxicological and physiological mechanisms which could lead to
adverse health effects resulting from particle concentrations below the current PM,, standards.
This lack is widely acknowledged, even among members of the EPA’s Scientific Advisory
Committee’ and in EPA’s own Criteria Document.’

The PM epidemiologic studies have, for the most part, revolved around statistical
analysis and interpretation of health effects data and their relationship to measures of outdoor
ambient air pollution. The potential pitfalls of such.analyses, particularly when corroborating
scientific understanding is lacking, have been well documented in the scientific literature.
Statistical analysis can only go so far. It can point out associations between different factors, in
order to direct attention to the factors which may be the most important. However, it is
important to remember that a statistical association is not the same thing as a causal
relationship. Just because two phenomena seem to vary together or have similar behavior does
not mean that one is causing the other to behave in this way. Other mechanisms may be
responsible. To be confident in assuming causality in a health-PM, association, we also need
corroborating evidence or reasoning from physiological studies or other external sources.

In the debate over the evidence for new PM standards, some attention has been given to
two concerns that we will address in this paper: the impact of observation errors (also
commonly referred to as “measurement errors”), and the difficulty of separating out the roles
of interrelated pollutants and other environmental considerations in a statistical analysis.
Lipfert and Wyzga have written several technical papers on these issues, and have pointed out
that the most worrisome situation is the combination of both concerns.' Schwartz et al.,* is the
only original epidemiologic paper to have actually attempted to estimate the potential effects of
“measurement error” in complicating the pollutant-separation task. However, the discussion
in that paper focuses on the least problematic aspects of such errors, makes a couple of factual
mistakes in its analysis, and thus prematurely dismisses measurement error as unimportant.®
Most other PM epidemiologists have acknowledged difficulties in separating the roles of PM
from other pollutants, but for the most part, the PM epidemiologic studies have not even had
data on many of the possible contributing pollutants.

Unfortunately, the technical aspects of the “measurement error” issue are so complex
that it is very difficult for even technical readers to identify the flaws in the Schwartz et al.
analysis. Our goal in preparing this paper was to describe these complicated effects in terms
that will bring this issue to life for a wider range of concerned individuals. This paper uses
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simple examples to illustrate how one could be completely misled by statistical analysis when
there are data problems that are endemic to the PM epidemiologic studies. We hope this paper
will enable a larger number of people to be able to judge for themselves whether the potential
“measurement error’ and “confounding” are worthy of greater attention than they have
received to date.

How “wrong” can the statistics resuits be?

The data difficulties which arise for the statistical methods of environmental
epidemiology can lead to erroneous conclusions. For example, one can be misled into believing
that there is no “safe” level of a particular pollutant, below which no adverse heaith effect
occurs, when in fact a safe level does exist. Even more significantly, one could also be misled
into believing that one particular pollutant is so strongly associated with the incidence of
adverse effects that it must be “causing” those effects. Such strong and persistent associations
might occur even if a pollutant, in reality, has absolutely nothing to do with health effects.
These startling errors of interpretation can result under conditions that may well describe the
current U.S. ambient environment.

The essential problem is that discrepancies exist between what pollution monitoring
instruments measure in a single location, and what individuals throughout a wide region
around that monitor are actually exposed to. These observation errors distort the data and can
mask important trends or relationships. In addition, when more than one pollutant is present
(as is true for any real-world situation), and we don’t a priori know which pollutant may be
creating the observed health effects, it may be difficult or impossible to identify the culprit(s)
using statistics, particularly if some pollutants have more observation error than others.
Although we will work through this in intuitive terms below, Table 1 provides a quick
synopsis of the biases that will appear in statistical results for the “simple” situation where
there are only two positively correlated pollutants. Clearly, Case 1 in Table 1 (where exposures
to an innocent pollutant are estimated with less error than for the culprit pollutant) is the
situation that is of greatest concern, because this situation poses a substantial risk that the
statistical bias will create a picture completely at odds with the actual reality. However, note
that biases are present in all of the circumstances where there are positively correlated
pollutants and measurement errors.

Table 1. Possible Measurement Error Conditions for Two Positively Correlated Poliutants, and
Potential Resuiting Epidemiologic Errors

Which pollutant (A Difference in
or B) is true culprit measurement error Resuilting bias in statistical resuits

1. | A is innocent; B is | A has smaller meas. error Strong chance A would be falsely accused; Strong
culprit chance B would be falsely desmed insignificant.

2. | A is innocent; B B has smaller meas. error | Some chance A would be falsely accused;
culprit Some chance B would be falsely deemed insignificant.

3. | Both A and 8 are | A has smaller meas. error | Magnitude of A's role will be overstated; B's role will be
culprits understated and B may be falsely deemed insignificant.

4. | Both A and B are | B has smaller meas. error | A’'s role will be understated and A may be falsely
culprits deemad insignificant; Magnitude of B's role will be

overstated.
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What are the poiicy implications of misleading statistics?

Given that the presence or absence of these types of biases have not been adequately
explored to date for PM, one might feel little confidence that the proposed PM,, regulations
would target the real culprit. This makes setting regulations like playing a classic Shell Game,
where a pea is placed under one of a group of identical shells, which are then moved around.
The customers try to guess the right shell, and usually lose. EPA is betting on the PM,, shell,
but there are many other shells in this game that have not yet been dismissed by the
epidemiology. We currently have little assurance that the EPA guess will be correct.”

One might feel even less confidence that the proposed PM, regulations would generate
benefits anywhere near the magnitude that EPA and others have estimated. Even if PM,, were
accepted as a cause of premature mortality, the chances that it is the sole culprit being reflected
in these studies is very dubious. EPA’s risk and benefits analyses presume that the statistical
relationships between PM,; and health effects have no biases, and are subject to no
confounding.' The potential for substantial errors in the statistical results (which this paper
will illustrate) casts much doubt on EPA’s estimates for the benefits of the proposed PM,,
standards.

Guide to the rest of this paper

In the rest of this paper we will work through the issues that have been mentioned
above step by step. First, we will show how distorted estimates of pollutant exposures can
result from common problems in air pollution measurement {Section 2). Next, we explain how
distorted data estimates can create bias in statistically-inferred relationships (Section 3). ‘men,
to illustrate how these problems can result in serious policy mistakes, we p an
that deals only with a single pollutant, and show how its health-effects relanonshxp can become
obscured (Section 4). However, even more serious mistakes can result when inaccurate
pollutant exposure data is combined with multiple, correlated pollu This ple, which
illustrates a situation such as Case 1 in Table 1, is the core of this paper (Section 5). We provide
a discussion of what EPA and researchers have said and currently seem to perceive about the
potential for these types of errors (Section 6).  We conclude with a review of the policy
implications of the current state of information regarding potential health effects of PM
(Section 7).
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2. WHAT DATA QUALITY PROBLEMS ARISE IN AIR POLLUTION
MEASUREMENT?

Observation Error

The epidemiology studies for PM are based on simultaneous measurements, or
“ghservations” of health effects, PM, and various other contributing factors (sometimes, but not
always including other air pollutants). For health effects, the observations are hospital
admissions, deaths, or some sort of other measure of adverse health effects. For air pollutants,
the observations are in the form of monitored ambient concentrations (i.e, how much of a
particular pollutant is present in a given amount of outdoor air). Air poliutant observations are
collected with scientific sampling instruments, usually on an hourly or daily basis. The
monitors are usually in a fixed location, and often are part of the network of monitors being
used to determine a region’s compliance with air quality standards. As such, they tend to be
located in parts of a city expected to have high pollutant levels. The monitors tend to be
between 10 and 50 feet above ground, whereas people are mostly exposed much nearer ground
level.

While these monitored ambient air pollutant data are convenient for epidemiologists,
they clearly are not the actual exposures of individuals, which would be the correct information
for estimating the true relationship of each air pollutant with public health. These monitor data
are being used as a convenient method for approximating estimates of actual individual
exposures. Even if they serve as a good approximation for some individuals, they can be a
poor approximation for many more individuals throughout the entire associated metropolitan
region. On this basis alone, the PM data for all of the epidemiology studies have a substantial
source of error in them. This is sometimes called “exposure misclassification,” or “non-
representative sampling.” It is a very important component of the so-called “measurement
error” problem.

Another source of error comes from the fact that ambient monitors can themselves be
inaccurate. Often this is what people think is meant by the term “measurement error.” For
clarity, we will use the term “instrumentation error” to refer to this specific type of data
distortion. While it seems that it might be a smaller source of error than exposure
misclassification, instrumentation error is not insignificant for many pollutants.

In this paper, we use the term “observation error” to reflect the combination of all
sources of differences between the monitored ambient concentration and the actual pollutant
exposures of the population in the area. The sources of the observation error do not matter in
terms of their statistical consequences. All that matters is that observation errors exist.
However, it is important to understand how large these observation errors might be, and also
to understand the ways in which they might be different for different pollutants that could be
included in the analysis.
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For example, consider Figure 1, which shows a number of individuals at different
locations throughout a wide region (such as a full metropolitan area), as well as a single
sampler at a single location. Figure 1 shows localized areas of high and low pollution levels
interspersed over the region. Different individuals, as well as the sampler, may be exposed to
substantially different concentrations, depending on their specific locations. This non-
representative situation means that the observation error is probably high, regardless of the
accuracy of the instrumentation. This could be the case for coarse particles, which settle out
fairly close to their sources, or for some gaseous pollutants, such as carbon monoxide, which
rapidly convert to non-active forms such as carbon dioxide.

Figure 1. [Illustration of Pollutant with Substantial Spatial Variability

There is always some spatial variation in outdoor ambient concentrations, but it is a
matter of degree. Figure 2 shows an example where the pollutant is much more widely
dispersed. This could represent, for example, fine particles, which, because of their small size,
remain suspended for a long time in the atmosphere, and therefore tend to be distributed more
evenly over a wide area.” Secondary products of emitted gases, such as sulfates, nitrates, and
(to a lesser degree) ozone, also tend to have relatively little spatial variability, partly because
they come from many sources in many directions. Because concentrations are similar
throughout a wide region, the sampler measurement may be fairly representative of the “true”
concentration to which most individuals are exposed when they are outdoors. If indoor
concentrations (where most people are exposed for the majority of the day) were to reflect
outdoor concentrations, observation error might be fairly low for a pollutant with little spatial
variability and good instrumentation accuracy.
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Figure 2. Illustration of Poilutant with Little Spatial Variability

However, the majority of people spend most of their time indoors, and the difference
between indoor and outdoor concentrations is a major reason why we can expect all
epidemiologic studies that use ambient monitored concentrations of pollutants to be subject to
substantial observation error. :

The reality of significant amounts of observation error is important to understand, but it
is equally important to understand that the degree of observation error can be very different for
different types of pollutants, even on a much smaller spatial scale. Figure 3 shows qualitatively
how differently concentrations drop off in the area adjacent to roadways, which are major
sources of many of the possible culprit pollutants. Roadways are sources of levels of carbon
monoxide (CO) from vehicle exhaust, and of coarse particles from the dust kicked up by
spinning tires. They are also sources of fine particles from evaporation of fuels, and from
exhaust.

Figure 3. [Illustration of Relative Ambient Variability of Different Pollutants
Near A Common Source
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CO concentrations fall off fairly rapidly away from the traffic as carbon monoxide is
transformed into carbon dioxide (CO,) before it can travel very far. Coarse particles fall out of
the atinosphere after a relatively short time, although perhaps not quite as rapidly as CO. The
fine particles tend to drop off less rapidly (and some are even created at a distance when
evaporated volatile gases convert to secondary organic particles). Thus, people who spend
much of their time adjacent to roadways may experience high exposure to all three of these
pollutants. People who live relatively close to major roadways may experience similar
exposures for coarse and fine particles, but less CO than the first group. People who live in
adjacent areas several biocks away from any major roadways may experience levels of fine
particles similar to the other groups, but quite different levels of coarse particles or CO. In the
absence of instrumentation error, ambient concentration data from a monitor sited by a
roadway probably would provide exposure estimates for CO and coarse particles that have
greater observation error than for PM,,, even for a population confined to a small radius of just
a few miles. In the epidemiologic studies, a single monitor is used to approximate exposures
as much as 50 or more miles away.

Further, different pollutants have differing abilities to penetrate indoors. Ambient PM,,
seems to migrate indoors and remain evelated to a greater extent than other ambient
pollutants. Thus, fine particles may be subject to-less overall observation error than other
pollutants. As we will see later, this could be one reason why PM might have stronger heaith
effects associations than other pollutants, yet not be the sole or key culprit.

How large might observation errors be in the PM studies? The scientific papers indicate
that errors of over 100% just due to spatial variability in outdoor concentrations may be realistic for
some pollutants.”” Accounting for indoor-outdoor differences would augment the error levels
much further. And instrumentation error might be yet another source of large errors. Not only
may the observation errors be large, but they can differ greatly from pollutant to pollutant.

Correlated Poilutants

Another important complication in environmental epidemiology is the presence of
correlated pollutants. This is also referred to as “collinearity” or “confounding variables.” If
two phenomena are correlated, it means they tend to move in step with each other. In
statistical analyses with strongly correlated input data, it is possible that data on one possible
causative agent might be a good substitute for data on another possible causative agent,
because the correlation tends to give them similar patterns with respect to the phenomenon
that one wishes to predict. It is as if one phenomenon serves as a mirror for observing the
other. The clarity of the mirrored image improves as correlation increases to the maximum of
1.0.

A simple example of this mirroring effect is as follows. Suppose we obtained data on
the number of ice cream cones sold on a particular day, and the number of people who suffered
heat stroke on that same day. And suppose we put the data for several different days on a
graph, as shown in Figure 4. Just looking at the figure, it appears that the two phenomena are
related in some way. As ice cream sales go up, so do the number of heat stroke deaths. This is
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called “association” between the phenomena. But does this association mean that eating ice
cream increases the risk of heat stroke? Of course not. There is obviously an underlying factor
that was not considered, namely, the temperature during the day. High temperatures would
cause both higher ice cream sales and a higher risk of heat stroke. Ice cream sales are associated
with heat stroke, but are not causing heat stroke.

Figure 4. Illustration of An Association ThatIs Not Reflective of
Causation
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The error in this example is rather obvious because we have a good mechanistic
understanding of how heat stress occurs. But the example illustrates the danger of assuming
that association is the same as causality without other supporting information about the
existence of the relationships that we might be trying to estimate with statistics. Statistics can
never “prove” causality; this must be established both from the statistical evidence as well as
other corroborating evidence, such as information supporting a specific, plausible mechanism
for relating cause to effect.

Air pollutant emissions are correlated because they tend to be generated by the same
basic activities. As a result, the correlations of ambient concentrations of PM, PM,,, CO, NO,,
VOCs, and SO, tend to be relatively high (e.g., above 0.5 on a scale of 0 to 1)." There is a good
chance that data on any one air pollutant could mirror one or more other pollutants. As we
will see, in circumstances like this, which pollutant would appear to have the most significant
and consistent relationship with health may be determined more by its relative observation
error than by its actual contribution to the health effects in question.
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3. HOW DO DATA QUALITY PROBLEMS AFFECT THE STATISTICAL |
ANALYSES OF EPIDEMIOLOGY ?

What is epidemiology?

Epidemiology is the study of the occurrence of disease in populations. It is primarily a
statistical science, attempting to find correlations and associations between various factors and
using them to predict how the disease may occur or spread under specified conditions.

A common tool in epidemiology, and the one used in the PM health effects studies, is
“regression analysis.” Regression analysis can be thought of as “fitting a line” (or other shape
of curve) to observations on two or more phenomena. This is most clearly visualized on a plot,
such as Figure 5, where the two phenomena are pollutant exposure and adverse health effects.
The circles represent the observations, and the line represents the “best-fit” relationship from
the regression. (A perfect fit would have all points exactly on the line) The regression
estirnate provides not just evidence that an association exists, but a quantitative estimate of
how much the health effect changes when the associated agent increases. Thus, the
relationship that would be estimated for data in Figure 5 is often called a “dose-response”
relationship.” The slope of the fitted line or curve is used to generate an estimate of the
“relative risk” due to a specific amount of increase in exposure.

Note that the terms “dose-response” and “relative risk” seem to carry a causative
implication, even though the quantitative relationships being estimated still reflect only
statistical associations.

Figure 5. Illustration of Strong Association Between Actual Exposure

Levels and Adverse Health Effects
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What does statistical significance mean?

Statistical significance reflects how well the data actually conform to the specific
relationship estimated by a regression, or the regression’s “goodness-of-fit.” The most
commonly used overall measure of a regression’s goodness-of-fit is the “coefficient of
determination,” more commonly called “R*. The higher the R’, the better the model fits the
data. The R’ cannot be larger than 1.0; at an R® of 1.0, the data fit the relationship perfectly (e.g.,
in Figure 5, all the observed data points would lie exactly on the predicted line).

Statistical significance also gives us an idea of the individual importance of various
possibly explanatory phenomena in contributing to the overall fit. This is most often judged by
a “t-statistic,” which is calculated for each potentially associated agent included in the
regression. Essentially, the higher the t-statistic, the more significant the variable. Roughly
speaking, t-statistics below 2.0 are getting into the range of borderline significance. The highest
t-statistics give us an idea of what the primary drivers may be. However, statistical significance
does not tell us anything about causality: it only tells us which data have the strongest
association with the phenomenon being explained.

As we will see in the next two sections, the R’ and t-statistics may fool us into drawing
wrong conclusions about dose-response relationships when there are observation errors and
correlations among data being used in the regression analysis.

How does observation error affect epidemiologic relationships?

Returning to the case of air pollution, let us look at how the observation errors that we
described in Section 2 can affect the “line-fitting” that goes on in epidemiologic studies. For
example, return to Figure 5, which evidences a strong trend in the relationship between actual
exposures and health effects. If we had to estimate each of the actual exposures in Figure 5
from a central ambient monitor, each data point would be replaced by one that has some error.
The errors will tend to be random, probably in both directions, and the ambient concentration
data will thus distort the underlying actual exposure data in random ways.

This can be visualized as moving the exposure points of Figure 5 right or left, to higher
or lower ambient monitored concentrations. Figure 6 provides an illustration. The top part of
Figure 6 shows the data of Figure 5, and the arrows show specific observation errors for each
exposure value. The bottom part of Figure 6 shows the resulting data for ambient
concentration versus health effects.” The underlying relationship does not emerge as clearly
once observation error is included. Depending on the amount of observation error, the true
trend may appear much less discernible or even disappear entirely, obscuring relationships
that might be evident if exposures did not have to be approximated by monitored ambient
concentrations.
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Figure 6. Illustration of How Observation Errors Distort
Appearance of Actual Relationship
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Figure 6 is a case where observation error is applied only to a single poilutant with a
very simple dose-response relationship. The examples that follow in Sections 4 and §
demonstrate how important this kind of distortion can be when the actual relationship is more
complex, and also when there are multiple correlated pollutants in addition to observation
error.
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4. OBSERVATION ERROR CAN OBSCURE THE SHAPE OF A DOSE-
RESPONSE RELATIONSHIP

Observation error does not necessarily obscure the presence of a relationship, but it can
affect our ability to determine the real shape of the relationship. One example which has been
mentioned extensively in the PM debate is the inability to detect a “threshold,” below which no
adverse health effects occur. We will illustrate how this can happen. Suppose that the true
relationship between pollutant exposure and increased heaith effects involves a threshold at 20
units of the pollutant. Below 20, there are no increased adverse health effects, while above the
threshold, the effects rise with each increase in amount of pollutant exposure. Figure 7 depicts
300 data points according to this relationship. If we could actually measure each of these data
points, a regression would easily estimate the relationship with a threshold at 20.

Figure 7. Hlustration of a Relationship with Threshold Between
Pollutant and Health Effects
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But now let’s consider what happens if our observations of actual exposure are not
perfect due to instrument inaccuracies and non-representative samples from ambient monitors.
In Figure 8, we have used a random number generator to add a modest amount of observation
error to the 300 exposure data points in Figure 7, to reflect how ambient concentration data
might look, given the actual exposures.” The observed data are much more scattered.
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Figure 8. Data Distorted by Observation Error where Underlying
Relationship has a Threshold
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What would epidemiology tell us if we purposely tried to seek out the threshold that
we know is underlying the data in Figure 87 One way to do this is to run several different
regressions, each with a different threshold level assumed, and see which regression gives the
best fit. (“Best fit” is usually determined by looking for the highest R’ , as described in Section
33

We tried assuming three different levels for the threshold (0, 10, and 20), then used
regression analysis each time to estimate the rise beyond the threshold. For a threshold of 20,
, the R* was 0.56; for a threshold of 10, the R® was 0.65; and for no threshold, the R* was 0.68. The
correct relationship (threshold of 20) has the worst fit to these data, while the best-fitting
relationship involves no threshold at all!

The difficulty in detecting a threshold has been widely acknowledged by EPA and by
researchers performing these studies. To try to address this issue, several researchers have
used a more sophisticated statistical technique called “nonparametric smoothing”. This
technique does not require the slope of the relationship to be constant, and thus it has been
suggested that this technique would be able to show evidence of a threshold if the slope were
to flatten out as lower concentration levels were reached. Figure 9 shows the non-
parametrically smoothed curve applied to the data in Figure 8. Just as with the linear
regression, there is no sign of a threshold in the relationship. In fact, the relationship seems to
get steeper at lower pollutant concentrations. This shows that nonparametric smoothing is
subject to the same measurement error difficulties as linear regression.
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Figure 9. Nonparametrically Smoothed Estimate for Data in Figure 8
(True relationship also shown)
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Observation error, which is pervasive in real-world analyses, has caused statistical
estimates to erroneously suggest that a threshold does not exist. This is a serious error because
it means that we might conclude that there is no safe level of this pollutant, when in fact there
is a safe level. Uncertainty in whether a threshold may exist for PM,, has enormous impact on
EPA’s benefits estimates. Sensitivity analyses have demonstrated that assuming a threshold in
the range of 20 to 30 pg/m’ (24-hour average PM,, concentration) reduces the large benefits
that EPA has estimated for the proposed regulation to a much smaller level, orders of
magnitude less.” This amount of uncertainty implies that benefits of the proposed regulation
could be well below the cost of the regulation.
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5. OBSERVATION ERROR CAN CAUSE THE WRONG POLLUTANT TO
BE IDENTIFIED AS THE CULPRIT

The threshold-disappearing act illustrated in Section 4 has been mentioned by several
authors to point out the significant mistakes that can occur when observation error distorts the
data. However, there is an even more serious problem that can arise when we consider more
than one pollutant, each having observation errors. In this case, we might also reach erroneous
conclusions about the presence or absence of any relationship. This section presents an
example to illustrate how this can happen.

The example of Section 5 is built around two hypothetical pollutants, one “Innocent”
and one “True Culprit.” All of the health effects data that follow in this section are created
using the “true” relationships that True Culprit causes increased adverse health effects in a
deterministic linear manner, while Innocent has no effect on health at all. In terms of “dose-
response,” the relationships are set up as shown in Figure 10.

Figure 10. “True” Pollutant-Health Relationships Used in Section 5 Examples
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The right answer — without observation error and without correlated poliutants

First, let’s say that True Culprit and Innocent are not correlated and that there is perfect
measurement and representation of exposures (i.e., no observation error). Then if we were to
graph many days’ worth of “true” data consisting of the actual exposures to both pollutants,
and observed increases in health effects, we might find a situation like Figure 11, where we can
see how each pollutant and incremental health effects change over time. Since True Culprit
alone causes the health effects, we see that its concentrations and the health data have similar
trends. 1f we did an epidemiologic study trying to relate health effects to both pollutants, the
analysis would select True Culprit as having the better association with health effects, and
would indicate that Innocent has no effect. Epidemiologic methods can give us the right
answer when the available data are “clean” and exposures are uncorrelated, as in this example.

Figure 11. Daily Actual Exposures and Health Effects (Pollutants Uncorrelated)
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The linkage of the data in Figure 11 to a dose-response relationship can be seen by
regraphing the same data points in the format shown in Figure 12. The left side of Figure 12
shows data relating True Culprit and health. The right side shows data relating Innocent and
health. If you think of the regression as simultaneously fitting a dose-response slope for each
pollutant, it is easy to see how the regression would generate the correct dose-response for
True Culprit, and correctly not attribute any health effects role to Innocent. In other words,
these data clearly reflect the dose-response relationships that we started with (i.e., Figure 10).

Figure 12. Time-Series Data of Figure 11 Redrawn in Dose-Response Format
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The wrong answer if the analysis is not careful — when there is only corretation

Now, let’s suppose that the two pollutants are highly correlated, as is the actual
situation for criteria air pollutants. For example, Figure 13 shows a case with high correlation
between exposures to True Culprit and Innocent. The correlation is not perfect, but if True
Culprit is high, then Innocent is very likely also to be high, and similarly if True Culprit is low,
then Innocent is also likely to be low.” Now, we see that both pollutants track along with
health effects pretty well. If we had data only on Innocent, we would likely determine that it
has an association with health. However, the statistical methods still can correctly pick out
True Culprit as having the best association, as long as it is included in the regression as well as
Innocent. In this case, the statistical association for Innocent changes a lot when True Culprit is
in and not in the regression. This is an example of simple confounding. If data are available
and used for all pollutants, the confounding often can be detected. More intractable problems
start to arise when True Culprit and Innocent have observation errors, as we will next see.

Figure 13. Daily Actual Exposures and Health Effects (Pollutants
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The wrong answer even with a careful analysis — when there is observation error too

Now, let's assume our estimates of exposure are better for Innocent than for True
Culprit." Suppose that True Culprit has a larger observation error, up to 100% around the
actual exposure, while Innocent has a smaller error, only up to 25% around the actual
exposure. {(Other ¢ombinations of observation error assumptions will be considered later in
this section.) We let the computer generate these errors randomly, and used them to distort the
actual exposure data shown in Figure 13. The resulting possible set of “monitored ambient
pollutant concentrations” are shown in Figure 14.”

Because of the observation errors, the previously clear pattern of a relationship between
True Culprit and health effects is obscured. The Innocent pollutant is also affected, but to a
smaller extent because of its smaller error. Looking at this picture, which tracks health effects
better? Innocent does. Innocent’s lesser observational error allows its ambient concentrations
to mirror exposures to True Culprit better than do True Culprit’s own ambient concentrations!
Regression analysis sees it the same way, and indicates that Innocent has a better association,
giving it a higher significance in terms of the t-statistic and a greater contribution to the adverse
health effects.

Figure 14. Figure 13 Data as Observable Using Ambient Concentrations to
Estimate Actual Exposures (Smaller Observation Error on
Innocent, Larger Observation Exror on True Culprity
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Figure 15 shows the “dose-response” slopes that are estimated by a regression analysis
of the data in Figure 14. These regression results are a complete reversal from the true
underlying relationships of Figure 10! Further, the t-statistics, which are measures of
significance for each pollutant’s association, are 7 times higher for Innocent than for True
Culprit, again indicating that Innocent is better associated with the increase in adverse effects.
The R, the measure of the overall goodness-of-fit in this regression analysis, has a value of
0.76, which would typically be considered quite good. All of the statistical evidence suggests
that Innocent is responsible. Thus, observation error, pollutant correlation, and a
straightforward statistical procedure have led us down the wrong path toward a conclusion
which is the exact opposite of the truth.

Figure 15, Pollutant-Heaith Relationships Estimated Using Observed
Data Shown in Figure 14
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The larger errors in True Culprit have masked its effect, while Innocent, which is
correlated with True Culprit and thus has its general pattern, has smaller error which does not
mask the pattern. The regression sees enough of the same pattern in Innocent and health
effects to conclude that Innocent is a better predictor. There is nothing technically “wrong”
with the regression. Indeed, if we do not change the way emission sources currently operate, it
is true that the ambient measurements of Innocent would be a better “predictor” of the adverse
health effects of True Culprit. But this does not mean that if we controlled Innocent, then
health effects would be correspondly reduced. That would only happen if the association
found between Innocent and health were a causal relationship.

The greatest problem with this spurious association of Innocent with health is that it
remains stable whether or not True Culprit is added into the regression. Further, if only True
Culprit is included in the regression, the R’ falls to zero. True Culprit is the pollutant that
seems to have a highly unstable association and very little explanatory power on its own.
Thus, unlike in the simple confounding case, the usual methods for checking for confounding
no longer function well when there are observation errors as well as strong correlation among

pollutants.
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The wrong answer —over and over again

The results in Figure 15 were based on one particular way that the randomly assigned
observations errors might come out. We let the computer randomly pick this set of errors, after
which we did the regressions using the resulting “ambient concentration data.” Is the extreme
divergence of the estimated relationship from the true reiationship just a rare outcome, or one
that would have a strong likelihood of occurring? To find out, we re-ran this experiment 20
times, letting the computer randomly pick new observation errors each time, and then re-doing
all of the epidemiologic analyses using the new data. Only the potential size of the observation
errors was kept the same. Figure 16 illustrates the estimated “best-fit” relationships for all 20
cases. Each time, the same type of situation arises, with Innocent being considered more
significant than True Culprit, a stronger contributor to increased adverse health effects, and
having a more robust association. Our example was not a fluke; the same misleading and
erroneous conclusions emerge, regardless of the particular way in which the observation errors
come out.

Figure 16. Twenty Replications of Experiment, Showing Range of
Estimated Relationships for Innocent and True Culprit
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So far, all of these experiments have been based on errors that are less than 25% of true
values on Innocent and less than 100% of true values on True Culprit. While we have
explained how observation errors can easily be larger than we have used here, we have little
specific quantitative knowledge about them at this point in time. Thus, it is important to
explore the potential for such misleading results over a range of other levels of errors. Tables 2
and 3 shows the results of similar experiments with four other levels of error. We did
experiments 20 times over for each assumed level of errors. The averages of each set of 20
regression estimates appear in Table 2. Table 3 summarizes the one experiment out of the 20
which is closest to giving the “right” answer (i.e., that True Culprit is the estimated true
cuiprit).
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For either view of the results, once observation errors for True Culprit diverge from
actual exposures by as much as 50% of the actual exposure level, epidemiologic techniques
may start giving us the wrong answer. For example, when errors are within 50% of actual
exposure levels for both pofiutants (the middle row of the tables), their relative estimated effect
and the relative significance levels are about equal. While True Culprit would likely be
identified as associated with health effects, Innocent runs an equal chance of also being
identified as associated. Further, if a highly correlated Innocent has substantially less
observation error, the True Culprit observation errors do not even have to be near the 50% level
for this mistake to emerge. For example, when the True Culprit error is 50% but innocent has
only a 10% error {the fourth row of the tables), Innocent stands out as much more strongly
associated than True Culprit. Thus, True Culprit could have an error much less than 50%
before it would start to appear more associated than Innocent.

Actual observation errors may be much larger than those shown in Tables 2 and 3,
although we presently have little knowledge of the relative magnitudes of the errors for
different pollutants. The correlations between the pollutant concentrations used in the analyses
to generate these tables are between about 0.4 and 0.9, which is strong correlation, but also
appears to be consistent with actual ambient pollutant conditions (see note 11).

Table 2. Average Estimated Relationships Dorivod‘F'mm True Reiationships of Figure 10, for
Varying Amounts of Observation Ervor.

Measurement Er;o":. Avel Over 20 Repiications
| _lanocent Culprit Innocent Trus Culprit

Goudness
siops t-statistic siope t-statistic | ot fit (RY)

0 [ 0.00 infinite 1.00 infinite 1.00

10 10 0.15 26 0.85 14.7 0.98

50 50 0.46 55 051 6.1 0.72

10 50 077 103 021 30 0.88

o5 100 0.85 140 0.41 2.1 0.75

Table 3. Most “Correct”™ of 20 Estimated Relationships Derived From True Relationships of
Figure 10, for Varying Amounts of Observation Error.

Measuremant Error (%) Least Convincing of the 20 Replications
nt c.xl;'_!;.ﬁt Innocent True Culprit

Goodness
slope Lstatistic slope t-statistic | of fit (R)

[ 4 0.00 infinite 1.00 infinite 1.00

10 10 0.04 0.6 0.84 16.6 0.98

50 50 0.36 4.0 0.61 6.1 0.65

10 50 0.63 8.3 0.31 47 0.89

25 100 0.73 158 0.21 47 0.82
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6. WHAT CAN BE DONE TO MANAGE THE POTENTIAL FOR THESE
PROBLEMS IN THE PM STUDIES?

The examples in Sections 4 and 5 illustrate how several specific data problems (i.e.,
instrument inaccuracy, pollutant data not being fully representative of actual personal
exposures, and correlations in exposures to many pollutants) can cause seriously misleading
conclusions in epidemiology studies. More sophisticated statistical techniques than we have
described do not remove the potential for making these mistakes in epidemiology. Essentially,
these techniques smooth the data to try to remove much of the up-and-down fluctuation not
associated with pollutants and other explanatory variables. Most of the fluctuations that
smoothing techniques address are not even present in our very simple and “clean”
hypothetical examples. However, we explored two different types of smoothing in the course
of our analysis, to make sure that these conclusions would not be avoided through more
complex regression methods. For example, we applied a moving-average to smooth out
fluctuations in the time series in the Section 5 example. We also used nonparametric
smoothing™ to provide a more flexible estimate of the shape of the relationship in the Section 4
example. Neither effort removed the misleading conclusions that we have illustrated.

EPA’s Staff Paper recognizes the potential pitfalls of epidemiology and suggests that
robustness of the observed associations for alternative regression specifications will help
support the case for causality. EPA argues that if the association can be demonstrated under
several different conditions (such when a correlated pollutant is included and then removed
from the regression) then it is not likely that the PM-health association is actually due to one of
these potential confounders. The techniques cited by the Staff Paper, (and applied in part in a
few of the actual studies) can help identify situations where correlation is a potential problem.
These techniques do not, however, address the problems that we have shown to occur when
correlation is combined with observation error (and particularly when different pollutants are
subject to different amounts of observation error). For example, in the regressions with data in
Figure 14, all of the alternative specifications would suggest that Innocent has the stronger and
more robust relationship with health effects. Hence, we reiterate and emphasize the Staff
Paper's own statement that “a comprehensive, formal treatment of exposure misclassification
studies of PM and other community air pollutants is an important research need.”

The Staff Paper and other sources have also argued that consistency of association across
different cities would allay concerns of confounding and support the argument that the PM-
health association is causal. The argument is that if associations of a particular pollutant with
adverse health effects appear consistently in different geographical areas that have widely
varying levels of other potential culprit pollutants, the association is less likely to be a statistical
artifact and more likely to be indicative of true causality. We have done additional experiments
to test for the persistence of the false association between health effects and Innocent in
situations with substantially different levels of the culprit pollutant. We found this suggested
approach non-compelling as a way of enhancing the argument that the PM associations with
health are causal.

R Decision Focus Incorporated
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For example, we took the data used in Section 5's examples, but made the levels of True
Culprit one-quarter the level in those examples. This reduced the levels of incremental health
effects too, since the “true” relationships of Figure 10 were not altered. We left the levels of
Innocent unchanged. After applying the same differential measurement errors, we again came
up with the reversal of reality, as illustrated in Figure 17. Of course, the slope of the
relationship being faisely attributed to Innocent is reduced in a measure comparable with the
decrease in True Culprit's levels, but Innocent still is consistently stronger in its association
than True Culprit. In fact, the t-statistics for the Innocent-health association remained stable
while the t-statistics for the True Culprit’s association halved. Thus, although the magnitudes
of the slopes became more similar, statistical significance measures actually reinforced the
likelihood that True Culprit would be dismissed as a potential causative agent.

Figure 17. Twenty Replications of Experiment in a “City” with Much
Lower True Culprit Exposures, Showing Range of Estimated
Relationships for Innocent and True Culprit
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Thus, if an innocent pollutant is showing a non-causal association with health,
variations in average concentrations of the true culprit will result in variations in the estimated
relative risks as one moves from location to location, but that variation will not necessarily be
sufficient to exculpate a falsely charged innocent pollutant. Further, the degree of variation in
any criteria pollutant among the U.S. cities studied to date may not be sufficient to reveal much
variability. For example, some have suggested that the consistent presence of the PM-heaith
association across cities with different levels of other potentially confounding poll (e.g.,
for Philadelphia PA, St. Louis MO, Salt Lake City UT, Orem UT, Santa Clara CA, and Knoxville
TN) is a sign that no other pollutant is likely to be the key culprit. We reviewed ambient
criteria pollutant levels (CO, PM,,, NO,, SO,, and O,) in these cities and found that the four-fold
range in True Culprit (i.e, from Figure 16 to Figure 17) may be overly large. Across these six
cities, the largest range in any of the pollutants was about three-fold (for NO,), and pollutant
levels were within a factor of 2 or less for all the others.™ At most we might expect the PM-
health relative risk to be altered by a factor of 2, and the estimated relationships do vary by
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about this amount. Interestingly, we also found that the “clean” areas of Utah actually had the
highest levels of CO, even as they had low levels of the other pollutants. Thus, if it were to
happen that ambient CO were adversely affecting health, one should not expect to see any
decline in the relative risk associated with PM in Orem or Salt Lake City compared to other
cities.

Thus, there is likely to be cross-regional consistency of the PM relationship, even if PM
is innocent. If a non-PM culprit (e.g., one or more of CO, NO,, SO, or O) is causing health
effects in our environment, and if that culprit has more observation error than PM (which may
be true of any of them), we still should not expect the PM-health association to vary among
these cities any more than it already does. PM (“smoke”) could be serving as a statistical
mirror for other culprits in every one of these locations.

"7 Decision Focus Sncorporated
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7. THE PROPOSED REGULATIONS ARE A GAMBLE

Statistics can mislead. Statistics and epidemiologic analysis are tools for detecting
association. These methods are best used to test for relationships that have already been
hypothesized by other, generally mechanistic reasoning. Statistics also can help direct
attention to possible areas for more focused scientific investigation. But statistics can only
rarely be relied on to establish causality, and then only when the data are very “clean,” not
subject to significant observation errors, and not subject to high degrees of correlation with
other possible causative factors. By contrast, the claims of causality in the case of PM,,, and the
consequent proposed regulations, are based almost entirely on statistical studies that rely on
very “messy” data.

EPA claims to have taken the resulting uncertainty into account when selecting the new
proposed standards. But let’s look at that a little more closely. How did EPA determine how
much uncertainty exists? Careful examination of its methods shows that the only uncertainty
which it considers is a “90% confidence interval” on the slope of the regression-based “dose-
response” relationship between fine particles and adverse health effects.” The 90% confidence
interval is derived directly from the t-statistic that we have shown to be potentiaily subject to
very substantial biases. This is tantamount to assuming away all of the potential biases that
this paper has illustrated. As we have seen in our example, observation error and correlated
factors even cause statistics to implicate the wrong pollutant, while exonerating the real culprit.
Clearly the benefits and risk analyses that EPA has published do not properly reflect the nature
and degree of uncertainty that we currently face.

Basing new regulations upon this type of evidence amounts to playing a shell game
with high economic stakes. There are plenty of ways that statistical results can trick us into
selecting the wrong shell when working with data and evidence such as we currently have.
There is no guarantee, not even a reasonable assurance, that the regulations are targeting the
right pollutants. We may spend billions of dollars controiling fine PM, only to find that we are
not achieving the health benefits that EPA has suggested we can expect. Meanwhile, true
culprits may continue unabated.

R27e Decrsion Focus incorporated
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Notes

1

61 Fed. Reg. 65637 ff., December 13, 1996.
G. Wolif, “The Scientific Basis for a Particulate Matter Standard,” EM, October 1996, pp. 26-31.

... no cedible supporting toxicological data are yet available that provide insight into potential
mechanisms. ... litile non-epidemiologic evidence is presently available to support or refute a causal
relationship ... between low ambient concentrations of PM and observed increased mortality or
morbidity risks.” (USEPA, Air Quality Criteria for Particulate Matter, EPA/600/P-95/001cF, April
1996, p. 13-31.)

F. Lipfert and R. Wyzga, “Air Pollution and Mortality: Issues and Uncertainties,” Journal of the Air
and Waste Management Association, Vol. 45, pp. 949-966, 1995,

F. Lipfert and R. Wyzga, “Uncertainties in Identifying Responsible’ Pollutants in Observational
Epidemiology Studies,” Inhalation Toxicology, Vol. 7, pp. 671-689, 1995.

J. Schwartz, D. Dockery, and L. Neas, “Is Daily Mortality Associated Specifically with Fine
Particles?” Journal of the Air and Waste Management Association, Vol. 46, pp. 927-939, 1996.

For a detailed explanation of the problems in the Schwartz ef al. analysis of measurement error, see
“Dr. Anne Smith’s Responses to Questions from Senator Inhofe”, February 25, 1997, a written
supplement to the testimony of Dr. Anne E. Smith, February 5, 1997, to the U. S. Senate
Subcomumittee on Clean Air, Wetlands, Private Property, and Nuclear Safety on “Sdientific Issues
Surrounding the Proposed PM,, Standard,” (Copies of this suppl can be obtained from the
office of Senator Inhofe, or from Decision Focus Incorporated).

Additional comments along these lines have been presented in “Playing a Shell Game with Public
Policy: The Proposed PM,, Standard,” comments by Dr. Anne E. Smith at the EPA Public Hearings,
Boston, MA, January 14, 1997, and in Dr. Anne E. Smith’s February 5, 1997 testimony to the U. S.
Senate Subcommittee on Clean Air, Wetlands, Private Property, and Nuclear Safety on “Scientific
Issues Surrounding the Froposed PM,, Standard.”

The degree to which these assumptions overstate the risk (and hence benefits) estimates is
demonstrated in A. Smith, “Comments on Risk Analysis in EPA’s Draft Staff Paper for a Particulate
Matter National Ambient Air Quality Standard,” (Formal written ¢ to EPA prepared on
behalf of the Utility Air Regulatory Group,) Decision Focus Inc., June 6, 1996.

EPA’s Criteria Document {referenced in note 3) agrees that “PM,, particles are generally likely to be
more uniformly distributed than coarse particles within an urban airshed. ... size-specific fixed-
station ambient PM g lly approxi total ambient fine PM exposure more
closely than coarse PM exposure.” (p. 13-52)

For example, an EPA study of the St. Louis area revealed carbon monoxide (CO) concentrations
ranging from 0.2 to 2 parts per million (ppm) within a ten-mile radius. This represents about a -75%
to +150% range around the average concentration of 0.8 ppm. T. Karl, “A Study of the Spatial
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Variability of Ozone and Other Pollutants at St. Louis, Mi 1,” Atmospheric Envir , Vol. 14,
pp. 681-694, 1980.

For example, a draft HEI report found the following annual average correlations between ambient
monitored TSP and other ambient polk in Philadelphia: TSP to CO = 48; TSP to NO, = .67; TSP
to 8O, = .65. Correlations were even higher within individual seasons. (J. M. Samet, S. L. Zeger, et.
al., Air Pollution and Mortality in Philadelphia, 1974-1988, Report to the Health Effects Institute on
Phase IB: Particle Epidemiology Evaluation Project. Draft. Department of Epidemiology and
Biostatistics, School of Hygiene and Public Health, The Johns Hopkins University, Baltimore, MD,
March 25, 1996.)

Technically, Figure 5 actually shows an “exposure-response” relationship. And for regressions using

ambient monitor data, one is technically estimating a “concentration-response” relationship, which
is even less close to a true dose-response. However, all of these fitted relationships are commonly
called dose-response relationships, and we continue to use that colloquial terminology in this paper.

®  The errors for Figure 6 were made to be uniform over the range +/~ 100%. That is, the observed
measurement could be as low as zero or as high as twice the true concentration, with no particular
value more likely than any other within this range. The distortions used in Figure 6 were actually

generated randomly on a comp for this ple; we did not predetermine the errors to give this
particular picture.

" The ambient concentrations are uniformly distributed within 60% of the true exposure value, i.e., the
observations are selected randomly somewhere between 40% and 160% of the true value.
Observation errors could easily be this large or larger, for reasons articulated in Section 2.

@

A. Smith, “Comments on Risk Analysis in EPA Draft Staff Paper for a Particulate Matter National
Ambient Air Quality Standard,” (Formal written comments to EPA prepared on behalf of the Utility
Air Regulatory Group,) Decision Focus Inc., June 6, 1996.

=

The technique used is Loess smoothing as described in W. Cleveland and S. Devlin, “Locally
weighted regression: An approach to regression analysis by local fitting,” Journal of the American
Statistical Association, Vol. 83, No. 403, pp. 596-610, 1988; and in W. Cleveland, “Robust locally
weighted regression and smoothing scatterplots,” Journal of the American Statistical Association, Vol.
74, No. 368, pp. 829-836, 1979. Our specific application (using a 70% data window for pollution), was
styled after applications described in J. Schwartz, “Nonparametric smoothing in the analysis of air
pollution and respiratory illness,” The Canadian Journal of Statistics, Vol. 22, No. 4, pp. 471-487, 1994.

N

The correlation between actual individual exposures in Figure 13 is 0.9.

This is the situation that leads to Case 1 in Table 1.

e

The correlation between the ambient concentrations in Figure 14 is 0.56.

See note 16.
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* A. Smith, “Cc on Risk Analysis in EPA Draft Staff Paper for a Particulate Matter National
Ambient Air Quality Standard,” (Formal written comments to EPA prepared on behalf of the Utility

Air Regulatory Group,) Decision Focus Inc., June 6, 1996.

2 Used data for years 1986, 1990, and 1995 by Metropolitan Statistical Area found in Table A-17 of
USEPA, National Air Quality and Emissions Trends Report, 1995, EPA 454/R-96-005, Research Triangle
Park, NC, October, 1996.

® USEPA, Review of the National Ambient Air Quality Standard for Particulate Matter: Policy Assessment of
Scientific and Technical Information, (OAQPS Staff Paper), EPA-452/R-96-013, July 1996, p. V-43.
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The Real Particulate Matter Culprit:
EPA’s Flawed Assumptions

By Anne E. Smith
Vice President, Decision Focus Incorporated

On Nov. 27, 1996, EPA released a proposat for new National Ambient Air Quality Standards (NAAQS) for
particulate matter smaller than 2.5 microns (m) in diameter, or PM2.5. TheseNAAQSwouldsupplemcntmeexistmg
PM10 standards, which cover particles that are up to 10 m in di; The sci dations for the proposed new
PM2.5 standards have an unpreced ‘levelof inty, and are g d L jal sy. Th:delmexs

plex, but can be d posed into three sp aspectsofnskpollcy blems in the sci
probiems in the risk and benefi i and probl musmgﬂlelmdm‘malNAAQSreguhmrypamdxgmm
manage this issue.

Evidence suggesting we should consider aiternatives to the current PM10 NAAQS standard cormsts ofa senes of
epidemiologic studies in various urbanized areas that found a statistically significant i
levels afamlmut PM and measures of both mortality and morbidity. Of course, the potential effects on mortality are

jon. By epidemiologic standards, the relative increases in risk being estimated are fairly
small (| e., genenlly less than 20 percent, with some studies finding no significantly increased relative risk). However,
|fﬂ1emmmnlnsk=mmukm at face value, they may. imply many thousands of premature deaths per year,
which would hardly be considered a minor public heaith-.concern. For the most part, these epldetmologxc smdm are

based on PM10 datz; the rationale for shifting to is on PM2.5 is founded more on biologi g than on
epidemiologic evidence.

To date, the bulk of the y has d on perceived probl in the science. Basically, there are three
ientific reasons to d hether a PM2.5 dard would gt the benefits that the epidemiologic studies
might seem to imply. These considerations all stem from the fact that PM isa
complex mixture of many types, sizes, and physical states of chemical d:

whmhmeﬁmawﬂemgeofmﬁemlyshnedchmmongdl

constituents of PM is that they are not gaseous: they include everything from There are three
windblown dirt to aerosols formed from solvent vnpors A look at the three basic sclentific reasons to
scientific issues produces the following obser question whether a
Sci PM2.5 standard would
cience Issues

(1) Researchers have thus far been unable to find toxicological evidence against ~ g€nerate the benefits
PM, or suggesta plamible biological mechanism, at the level of credibility required that the
by the peer reviewed “Criteria D " which is the summary of the science on epidemiologic studies

whu:h bient air quality standards must be founded. Since PM has many different
and the mix varies, perhaps the constituent that has the potency to cause might seem to imply.

health eﬂ'ecs hu yu to be studied. However, the inability to elicit significant and -
D to any of the key constituents in ambient PM is

inly bling. If ambient PM is having such large impacts on mortality rates in so many locations, one would
expect that adverse bioclogical changes would be observabie in laboratory studies at much higher concentrations.
Toxicological evidence suggesting plausibility of biological effects is present for other criteria pollutants (e.g., ozone,
carbon monoxide, sulfur dioxide, nitrogen oxides, etc.).

(2) The absence of supporting scientific evidence suggests that the statistical associations may not be
evidence of a causal association of mormln'y with PM. If that is the case, what else could explain the consistency

of the statistical results in so many locations? A major with iologic studies is the potential for

statistical confoundm tobe at work Given that most of the criteria p oll have , and that
her can ially affect p i it would be quite possible for PM to be mirroring the

effects of another causative ﬁctor, such as another poli ora h lated effect. Are the statistical

associations between PM and mortality consistently derived with sufficient controls for these other potential
influences? In short: no. For examplie, the Heaith Effects Institute reanalyzed data for one of the key
epidemiologic studies and found that other criteria pollutants not in the original study also are associated with
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mortality, and it is not possible to discriminate among them.

Some have countered that the case for causality is nevertheless supported by the consistency of the PM-
mortality association across many locations with varying levels of the other pollutants. How could the PM
association be attributed to carbon monoxide or ozone if it appears in locations where carbon monoxide is low,
and in locations where ozone is low? The flaw in the g lies in her data problem in these
studies, known as “measurement error.” Some pollutants are easier to measure accurately than others. For

ple, volatile pounds such as many organic compounds are difficuit to capture, while solid particies
common in PM10 are easy to trap and do not disappear. Another important form of measurement error in ail of
the PM statistical studies comes from the use of ambient monitoring data to
approximate the exposures of individuals to ambient pollutants. Some pollut-
ants, such as coarser particles and carbon monoxide, tend to stay relatively
close to their sources, while other pollutants, such as fine particles, spread out

Problems in the

more evenly in space, inciuding indoors. The monitored dm on the latter science on PM2.5 have

pollutants are probably much better esti of actual i |

than monitored data on the former. Statistical theory tells us that when two created a very

pollutants are correlated, a better measured but non-causal poliutant could complex puplic heaith

appear more significant than a poorly measured causal pollutant. risk picture.
of the ubi bile, we know that other pollutants such

as carbon monoxide, NOx and VOCs were present in all of the cities studied,

even if concentrations may not appear high at i d | i These p may be subject to greater

measurement error than PM10 or PM2.5. Differences in measurement errors for the many pollutants would tend
to be consistent across locations, regardless of the level of other potlutaats. Thus, some caution is still warranted
in drawing a causal conclusion on the basis of i across locati Similarly, measurement error may
be one explanation for resuits that indicate that PM2.5 has more explanatory power than PM10: exposures to
PM2.5 are probably much better approxnmmed by a central monitor than PM10 exposures. Even if PM2.5 and
PM10 were to have equivalent p | to degrade health, PM2.5 might consistently appear to have greater
statistical significance.

(3) Knowledge about specific constituents of PM2.5 is lacking. Epidemiologic studies use only a generic measure
of pollution — the total mass of all types of particles — and therefore none of the studies can tell us what role indi-
vidual constituents may be playing in the observed associations. Even if we assume a causal relationship between fine
particles and mortality, we still lack any evidence about what the fine particle culprit might be. The statistics shed no
light on this. So what should we controi to achieve reduced risks from PM2.5? An honest answer is: We still don’t
really know.

Thus, problems in the science on PM2.5 have created a very complex public health risk picture. We think air
pollution might be shortening thousands of lives, but we aren’t sure. Statistical correlations may be telling us some-
thing about an overal] effect, but nothing about how to attribute the effect to individual air poliutants. | have heard
people pare the current inty about PM health impacts with that of tobacco smoke’s health impacts. The
argument is made that we still don’t know what i of tob smoke is carci ic, but we can agree that
enough information exists to know how to reduce risks. The analogy is a poor one because all of the constituents in
tobacco smoke come from a single source: the tobacco itseif. Thus, even though we are uncertain of the exact culprit,
we do know of a single control strategy — quitting — that will reduce the unknown culprit with certainty. There are no
comparable PM control strategies that can reduce most or all of the types of PM constituents through a single control

action.

Risks and Benefits
The use that some people have made of the tobacco smoke analogy hints at the kinds of problems that exist in the

risk and benefi iated with the PM2.5 NAAQS proposal. The inties in this problem are not as
simpie as “How many lives might be lengthened for a given reduction in PM2.57" We also need to ask, “What

poil needs to be reduced to achieve a risk reduction?” The critical inty in this problem goes deeper than the
numerical esti ofad P slope or threshold. The critical inty is the qualitative identification of the

culprit. I have compared this risk situation to the classic “Shell Game™ where a person tries to guess which of several
shells is covering a pea.

How have these uncertainties been addressed? The regulatory process so far has tried to stick to a business-as-
usual approach. That is, following compietion of the Criteria D EPA developed the gest case it could to
argue that the evidence is sufficient to assume a causal relationship between PM2.5 and mortality. Some scientists
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accept EPA’s argument and some do not. However, once this case was made, EPA then developed its risk and begefit:
for PM2.5 standards using the epidemiologic relationships as if they could be interpreted as

quantitative dose-response relationships for PM2.5. In effect, EPA has implicitly assumed that the Shell Game-like

uncertainties do not exist. The declsxon 0 seta PM2.5 standard assumes away the possibility that the culprit is any of z

number of other ble envi didates. This decision also away the likely possibility that some
types of fine particles are more potent than others.

What we have on our hands is a case study in the pitfalls of incorporating ,“ logic evidence into regulatory
risk assessments. EPA’s “Staff Paper” for the PM2.5 standard reports a risk analysis for al ive PM2.5 standards ac
they might be applied in Philadelphia and Los Angeles. The dose-resp meforcachheam:endpommbaszdon
the relative risk estimated from a single study. sides the singulart y large that y has a causal

relationship with PM2.5 and with PM2.5 alone, the mumpnons tha: are mphcn in the risk estimates are strikingly
strong:

() EPA no threshold in the d P function, b no threshold was observed in the
study. H the Criteria D . ledges that epidemiologi hods would be very unlikely to ever
observe a threshold, if one exists.

(ii) EPA assumes that all PM2.5 constituents are equally potent, so that every control action implied by the
rolling back of ambient PM2.5 is assumed to be rolling back the culprit constituent(s). However, the Criteria Docu-
ment acknowledges that it is unlikely that all the constituents are equally potent.

(iif) EPA assumes no biases exist in the estimated regression coefficient, and that all of the uncertainty about
the numerical estimate of the slope is captured in the 90 percent statistically-derived confidence interval on that siope.
This is in spite of a Criteria Document discussion of likely causes of bias in such slope estimates due 10 known data
limitations.

As aresult, it is not at ail surprising that EPA’s Staff Paper finds that the risk estimates “suggest a pattern of a
continuum of decreasing risk with lower levels of al ive PM2.5 dard. ding over and likely below the
rmgeofés to 25 g/m3 PM2.5” [Staff Paper p. VII-27]. EPA’s assumptions made this result a foregone conclusion.
The more imp: ion thar goes d is, “What do the risk estimates ook Iike under altemarive assump-
tions about the real dose-mponse relationship behmd the epidemiologic results?”

Ta answer this qusnon, 1 developed a risk model that could reproduce the EPA risk analysis resuits. I then
first adding only a single additional form ofuncemmty’ aprobabtlnydxm’btmon on
the possible level where a threshold may occur. I used the possible range on a threshoid vaiue d d by EPA in the
same report. What I found was that the revised “90 percent ¢ confidence interval” on risk reductions almost encom-
passed zero incremental risk. Clearly, if we were aiso to mmtpome uncertainties due to the following considerations
— results from aiternative studies, potential biases in ! Hy-d -vedslopu.menskthathguuplememznon
sumgymynmmgﬁﬂ:eamalmlpmwnmt.mdﬂwpmml that PM2.5 is serving as a surrogate for some
other pollutants — we would have a very different sense of the “90 percent confidence interval™ on risk reductions
from a PM2.5 standard.

The benefits for the proposed standard are estimated in the “Regulatory Impact Analysis™ to be between about
$50 billion and $150 billion per year. These are based on the same flawed dose-response method, with the exception
that even the statistically-derived confidence intervals on dose-response slope have been removed. The range here is
just two point estimates from two different studies: one from a time-series (“short-term”) study and ene from a cross-
sectional (“long-term”} study. Cleariy these benefits estimates contain enormous uncertainties. There may be a
reasonable chance that PM2.5 is causing mortality, but there also is a reasonable chance that the benefits of a PM2.5
standard will be very small or even zero, even if PM2.5 does contain the culprit constituent.

Flawed Regulatory Paradigm

The probiems for the PM2.5 standard are more than just analytical. There are problems with the regulatory
paradigm itself. The new standard, if adopted, stands out as one of the most costly that EPA has ever proposed. In fact,
EPA’s official cost estimate of about $6 billion per year is oaly for “partial attainment.” The actual costs of achieving
the standard are estimated to be so much higher that the “Regulatory Impact Analysis” has assumed that dozens of
areas would more likelyjnstmnmomofammm Inmakjngpolicyjudg!mtsforapmgmm of this size, it is

jal that the supporting risk and benefits analyses not be predicated on ptions that we know the culprit and
&wwmpimmmmgywxllm&ymgudmmmmﬁxnmgeofuneemmmsnwdsmbeexpmsedm
all of the about p nskmdncnonsorbencﬁtsfmmthePMZSsmdarﬂs

ﬂwPMNMQSmblmdmmdsmmﬂmweﬁﬂ“ jon of i h When the cost esti fora
standard is kept within “reasonable” bounds by explicidy assuming that the standard is not likely to be met, we should recog-
nize that the proposal is setting goals rather than standards. Th ept of a heaith-based standard is starting 1o weaken n the
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asfofﬁmpm.sNAAQS,Mymmaewapwmnﬁcbmhmmdpudymmwsapmwmman
would be attained. We need to consider whether an al igm would be more appropriate. A draft
letter circulated by Senator John Chafee (R- R.L)(Ru-kPnleqawr,Den.ZO, 1996 p5) has raised the possibility that consider-
ations other than health may need to be considered in setting this NAAQS. ] think even more direct management of the Shell
Game-like inties may also be d

What do I mean by this? The essence of the Shell Game is that we cannot at this set a specific
mndardandbeasuxedmamemmludmgwammmm!mmmdndml!mduwdwpublxcbeulthculpm
The ion of impl from dard setting is a venerated tradition for NAAQS, but it may be working
against effective risk management in this situation. In the face of this Shell Game, however, there may be some
precantions for which our nation is willing to pay, and we may be able to start to identify them through the following
questions: What do the various unproved hypotheses suggest would be the most likely culprits? What control actions
would most effectively address these culprits? Which p ial culprits will not be reduced substantially by the
ongoing control programs of the Clean Air Act? Where are the likely gaps in our existing protective programs and
what are sensible and affordable ways to start to close those gaps? What research program would help us narrow down
the list of potentiai culprits and uitimately be able to set 2 true heaith-based standard?

Raﬂlcrﬂﬂndcbmngthequmon.“Arewthlhngmpayforagenmcmjmnduddmmayormaynm

protect public heaith?” we could more productively explore the ion, “Are there better defined actions that will
help close the oomrol gaps and knowl ‘., gaps inan ient manner?” The latter approach may require more direct
specification of and h plans than the mdmomi 'NAAQS process allows. However, it
maybeamoreappropnau: P to the ci than 10 p d that we can set a heaith-based
standard when there is no soundmmnﬁcbmsmndmfyﬂwuuewm Wehlvealmadysemhowdle current
interpretation of the NAAQS process has resuited in of risks and benefits, It also may

Mkadmgusdmawgulﬁwypaﬁ&ﬁmdesl&eﬁecﬁvcmkmgmmﬂmommmd&wu
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PREPARED STATEMENT OF DR. JOEL SCHWARTZ, ASSOCIATE PROFESSOR, DEPARTMENT
OF HEALTH, HARVARD SCHOOL OF PUBLIC HEALTH, HARVARD MEDICAL SCHOOL

I have several points I would like to make today:

1. EPA is not out in front of the science on the proposed particle standard, but
rather lags behind a number of governments in Western Europe and International
Scientific Bodies. The proposed particle standard was approved by its own scientific
review panel. Following those nations in reducing its particle standard will avoid
tens of thousands of early deaths in the United States.

2. Substantial evidence exists that fine combustion particles of all types are asso-
ciated with deaths, hospital admissions, and respiratory illness.

3. Despite claims to the contrary, recent toxicological studies show that animals
exposed to combustion particles in controlled conditions exhibit the same effects
seen in human epidemiology studies.

4. The focus on combustion particles, rather than on dust, is supported by physiol-
ogy, toxicology, and epidemiology. This strategy avoids costs to control particles
which have been shown not to affect public health.

Today, there is a strong scientific consensus that particulate air pollution at levels
below the current EPA standard are associated with substantial increases in mortal-
ity and morbidity. Last year, the British Government’s scientific panel reviewed the
epidemiological studies of the association between particulate air pollution and daily
deaths and found they were properly done, consistent across many cities, supported
by morbidity studies, and concluded that it would be imprudent not to consider
those associations causal. They recommended that the British government set a new
particle standard at a level that is only one third of the current US standard.! The
World Health Organization recently convened a panel of international experts to de-
velop a particle criteria document. They also concluded that there is strong evidence
that particulate air pollution below current standards is responsible for increased
deaths, hospital admissions, and illnesses, and published dose-response relation-
ships for countries to use in standard setting. These World Health Organization re-
lationships predict that the proposed EPA standards will avoid tens of thousands
of early deaths per year. A Swiss Government scientific review panel has likewise
recommended a new particle standards be set at a level of one third of the current
EPA standard. Despite obfuscatory arguments by industry-supported scientists, the
Clear Air Scientific Advisory Panel voted to approve a proposed range of 12 to 20
Hg/m3 as an annual average standard for fine particles. The EPA proposal of 15 pg/
m3 is in the middle of this range.

The reason why so many scientific bodies have reached this conclusion is the vast
scope of literature indicating that particulate air pollution has these effects. For ex-
ample, studies have shown that increases in daily particle levels are followed by in-
creases in daily deaths in Amsterdam, Athens, Barcelona, Basel, Berlin, Bir-
mingham, Boston, Chicago, Cincinnati, Detroit, Dublin, Erfurt, Eastern Tennessee,
London, Los Angeles, Lyon, Madison, Milan, Minneapolis, Mexico City, New York,
Philadelphia, Provo, Rotterdam, Santiago, Santa Clara, Steubenville, St. Louis, Sao
Paolo, Topeka, Valencia, and Zurich. Recent animal studies have corroborated these
findings, showing toxic effects of fine particles, especially in sick animals.

Having failed to convince the scientific community and the established scientific
bodies designated to review the merits of their case, industry has launched a lobby-
ing offensive to convince political leaders and the general public with the same ar-
guments that failed to sway a more technically sophisticated audience.

One common argument given is that even if particles are causing tens of thou-
sands of early deaths per year, we should not regulate them because we do not
know “which particles” to regulate. Absent that knowledge, we might waste money
regulating the wrong source. I will comment on the scientific aspects of this issue.
Airborne particles are a complex mixture of particles differing by size, chemical com-
position, and structure. Fine particles, which are the focus of this regulation, are
almost entirely generated by combustion, that is, the burning of fuel or other high
temperature processes that generate energy, propel automobiles, or produce prod-
ucts. Each combustion source, in itself, generates a complex mixture of particles.
Hence control strategies to reduce exposure to fine particles will never focus on a
specific particle, they will focus on sources. The question becomes, then, whether the
health effects are due to the types of particles generated by one or only a few of
the sources, and whether we might waste resources regulating sources that have lit-
tle health impact.

1Expert Panel on Air Quality Standards. Particles, Department of the Environment. London:
HSMO, 1995; p.30.
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Fortunately, the vast range of locations where airborne particles have been associ-
ated with increased deaths and hospital visits allows us to examine the association
in locations where each of the major sources is the predominant source of fine par-
ticles. Sulfate particles from coal burning power plants predominate in the North-
eastern US and Canada, and many studies have shown associations between those
particles and daily deaths and hospital visits. But in Santa Clara CA, a winter time
study by Fairley showed that particles that were predominantly wood smoke, with
almost no sulfates, were also associated with more deaths, and wood smoke pre-
dominates in Spokane and Seattle, where particles were associated with increased
hospital visits. In Los Angeles, Sao Paolo, and Mexico City, the predominant source
is automobile emissions, in London today it is diesel exhaust, in Erfurt Germany
and in Dublin it is coal soot, and airborne particles have been associated with in-
creased deaths per day in all these locations. The epidemiologic data indicates that
all of the major sources of airborne particles contribute to the excess deaths imposed
on the public by particulate air pollution.

In toxicological studies, Godleski of Harvard has shown that exposure to either
concentrated air particles from the Boston air (primarily sulfates from coal burning
powerplants) or to resuspended fly ash from an oil boiler, killed rats with chronic
bronchitis. These effects occurred at particle concentrations that were not extraor-
dinary, but comparable to concentrations seen in U.S. cities. Costa’s lab at the US
EPA has also shown toxicity using either oil fly ash or concentrated particles from
air in Washington DC (sulfates from coal) or a German city (traffic and industrial
pollution).

EPA has proposed, with CASAC approval, to focus on the fine particles due pri-
marily to combustion, rather than windblown dust, in tightening the particle stand-
ard. Industry critics have also challenged this decision. But EPA’s focus on true
“pollution” and not dust is supported by a study following the Mount St. Helens
eruption, which showed very high concentrations (10,000 pg/m3) of dust had little
health effect. A Centers for Disease Control study of a dust storm in southeastern
Washington State found little impact from an episode where particle concentrations
exceeded 1000 pg/ms3. In contrast, an episode of combustion derived fine particles at
half those concentrations was associated with a substantial increase in daily deaths,
hospital admissions, and ambulance calls in West Germany in 1985. The great air
pollution episodes of the mid century (London in 1952, Donora Pa in 1948, and the
Meuse Valley in Belgium in 1930) were all episodes of combustion related fine par-
ticles that occurred in stagnant air conditions which would result in low dust levels.
And t{le increased deaths from all of these episodes are widely agreed to have been
causal.

We also know that it is only the fine particles that can penetrate deep into the
lung past our primary respiratory defense mechanisms. This is important because
the studies of daily deaths and particulate air pollution show a much larger percent
increase in pneumonia deaths than of all deaths. Pneumonia is a disease of the
lower lung, to which fine particles but not coarse particles, penetrate. The increase
in heart disease deaths also seems more plausibly related to particles that penetrate
in the breathing region of the lung which is closely connected to the heart.

The animal data also clearly point to the fine particles as much more toxic than
the coarse particles. When Dreher and coworkers at EPA placed fine particles and
coarse particles collected from the air in Washington, DC in the lungs of animals,
they found substantial toxicity from the fine particles, but little from the coarse par-
ticles. The same laboratory has shown that fine combustion particles can induce life-
threatening heart arrhythmia’s in animals with chronic lung disease. Osornio-
Vargas and colleagues at the National Institute of Health assessed the toxicity to
lung cells of particles sampled from different areas of Mexico City. The particles
from the northern part of the city, which were primarily from combustion were
much more toxic than the particles from the south, which included much more dust.

Costa and coworkers have shown that the toxicity of airborne particles is related
to the concentration of soluble metals on their surface, and that coarse particles
have much lower concentrations of soluble metals than fine combustion particles.
This may explain the differences in the toxicological data.

As noted above, Godleski has exposed rats to concentrated fine particles from Bos-
ton. The exposure averaged less than 100 pg/m3 over a 3-day period, but peaked at
288 pg/m3. While healthy rats were not affected 37 percent of the bronchitic rats
died following this modest exposure. These results agree with the epidemiology
studies which show the greatest increases in deaths occur in people with chronic
lung disease. Even lower concentrations of fine particles from Boston air were asso-
ciated with changes in electrocardiograms in healthy dogs. These electrocardiogram
changes are know risk factors for sudden deaths. Again, the epidemiology studies
have shown that these deaths are particularly affected by airborne particles.
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Epidemiology studies also support the conclusion that the fine combustion par-
ticles, and not the dust, are responsible for the observed health effects. In 1994
Thurston and coworkers at New York University reported that coarse particles were
not associated with hospital admissions for respiratory disease in Toronto, but that
fine particles were. We reported the same results for daily deaths in six US cities
last year. Hence the epidemiology is quite consistent with the toxicology, and what
we know about the penetration of particles of different sizes into the lung.

Industry has argued that these epidemiologic results all derive from measurement
error. These arguments about measurement error have been made consistently by
Dr. Lipfert throughout the process of writing the EPA criteria document, and its re-
view by CASAC. They represent nothing new, were available to CASAC when it ap-
proved moving to a fine particle standard, and are contradicted by the animal stud-
ies. The latest version of this argument suggests that we lose some of the coarse
particles of our current monitors, but the amount varies from day to day. This will
reduce the correlation of coarse particles with mortality. However, fine particles are
also lost by current monitoring techniques. Because the monitors collect particles for
24 hours and then measure them, volatile chemicals on the fine particles often es-
cape off the filters before the 24 hour period is up. Hence both measures are subject
to measurement error, and it is not clear which is larger.

Other studies have looked at the effects of long term average exposure to fine ver-
sus coarse particles. This is important, because averaging over many measurements
averages out the measurement error. For example, Figure 1 shows data from the
24 City Study, which was published last year. The percent of children (aged 8-12)
with abnormal lung function in each town (after controlling for age, sex, height, and
weight) is plotted against the mean concentration of fine particles in that town. A
strong trend is seen, with the percent of children with abnormal lung function in-
creasing threefold as you go from the less polluted to the most polluted commu-
nities. Figure 2 shows the same percentages plotted against the concentration of
coarse dust particles. No evidence of any association is seen.

In summary, and international scientific consensus has emerged on the adverse
effects of combustion related particles. This has resulted in widespread efforts to
tighten airborne particle standards throughout the western world. The EPA pro-
posal is not an attempt to push the limits, it follows conclusions by other scientific
review bodies and governments.
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PREPARED STATEMENT OF DR. RONALD E. WyzGA, BUSINESS AREA MANAGER FOR AIR
QUALITY, HEALTH, AND RISK STUDIES, ELECTRIC POWER RESEARCH INSTITUTE

I am Dr. Ron Wyzga. I work for the Electric Power Research Institute (EPRI), in
Palo Alto, California. The Institute, which is a voluntarily funded 501(c) organiza-
tion operating in public interest by electric utilities, is over 20 years old and has
an annual budget of approximately $500 million. The Environment group is part of
EPRI with an annual budget of approximately $50 million; this is one of the largest
privately funded health & environmental research organizations in the world. With-
in the Environment Group, I am responsible for air quality research, including re-
search on the health effects of particulate air pollution. All EPRI health and envi-
ronmental research is published and made available to the interested public, and
researchers are encouraged to publish their results in the peer-reviewed scientific
literature. Many of the particulate matter (PM) health studies cited in the EPA Cri-
teria Document and Staff paper were funded or partially funded by EPRI, including
much of the research undertaken at the Harvard School of Public Health on this
issue.

Personally I became interested in the topic of PM and health while a graduate
student at the Harvard School of Public Health. My doctoral dissertation in bio-
statistics covered this topic back in 1971. Since then I have been actively engaged
in environmental health and statistics issues. I have co-authored a book and written
over 40 papers that have been published in the peer-reviewed scientific literature.
I have obtained many significant recognitions from my peers. I have served on and
chaired subcommittees of the National Research Council, National Academy of
Sciences. I have served or chaired several EPA Science Advisory Board Committees.
I have also been appointed a Fellow of the American Statistical Association. The
comments that I present today reflect my personal views and judgments as a sci-
entist, who has worked in this area for over twenty-five years. These comments
should not be construed to be the official opinion of my employer or of any associate.

Below I cite several studies and documents. In an effort to achieve brevity and
avoid technical details, I do not include data or attach papers. At times, to be more
understandable, I try not to use statistical jargon. I have the back-up technical ma-
terial, which I would be happy to share with you if you desire.

SCIENTIFIC ISSUES

Several statistical studies suggest an association between particulate matter and
health. I have authored some of these; EPRI has funded many more. Does this asso-
ciation mean that a reduction in particulate matter air pollution will lead to public
health benefits? I believe the correct answer to this question is that no one knows.
We have positive studies, but these results are tempered by the following issues,
which are discussed in more detail below:

(1) Study results are not consistent. There are several studies which fail to find
any significant positive association between health and particulate matter.

(2) Re-analyses of the data from existing studies do not support an unambiguous
particulate matter-health association. The re-analyses by independent investigators
do not agree with the original investigators’ conclusions of a significant association
between particulate matter and health. This is true whether the re-analyses have
been funded by public (e.g., US EPA) or private entities.

(3) There is no one correct way to analyze data to determine the relationship be-
tween health and particulate matter. The results of these analyses differ according
to the methods used. Hence flexibility in choice of analysis can influence the results
in a way that invalidates commonly used statistical tests.

(4) It has not been possible in current studies to disentangle the effects of particu-
late matter air pollution from those of other pollutants and weather.

(5) There is an inconsistent relationship between the levels of particulate matter
that people actually breathe and (a) the measure of particulate levels used in air
pollution health studies as well as with (b) the levels of particulate matter that
would be regulated.

(6) There is no accepted biological explanation for the results of the statistical
models.

(7) If there is an association between particulate air pollution and health, there
is no extant health information that suggests greater health effects associated with
PMs s (particulate matter less than 2.5 microns in diameter) than with PMio (partic-
ulate matter less than 10 microns in diameter).

(8) To understand any health effects and to manage PM;s concentrations, we need
a more accurate definition of PM.5s than that to be measured by the proposed Fed-
eral reference method.
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SPECIFIC SCIENTIFIC ISSUES

The studies are not consistent. The evidence for particulate air pollution health ef-
fects comes from epidemiology studies (studies of people in the real world), not lab-
oratory or animal studies. Several epidemiology studies report no significant rela-
tionship between particulate matter and public health. There are negative studies;
for example, studies by Styer et al. of Salt Lake City; Morris of Manchester, Eng-
land; Roth of Prague, The Czech Republic; Burnett et al. of ten Canadian cities, and
Abbey et al. of California. In addition, the recent APHEA study of the European
Commission, found no significant relationship between PM and mortality in several
Eastern European cities, where pollution levels were high. Why are these studies
inconsistent with other studies that report a significant relationship between PM
and mortality? The methods used in the positive and negative studies appear to be
reasonable and suggest no obvious error. Is it chance or is there some explanation
why positive results are found in some locations, but not in others?

Re-analyses of existing studies do not support an unambiguous particulate matter-
health association. Several studies that have reported significant associations be-
tween particulate matter and health have been re-analyzed. By and large these re-
analyses do not reach the same conclusions as the original studies. For example,
under contract to U.S. EPA, Davis et al., at the National Institute of Statistical
Sciences, re-examined daily mortality and particulate matter relationships in Bir-
mingham, Alabama. The Davis et al. analysis tries to insure that the effect of hot
and humid days is considered in any model trying to assess the influence of particu-
late matter on mortality. They conclude: “When we use the same variables as in-
cluded by Schwartz, we obtain similar results to his. But when we use alternative
models we obtain different conclusions. In particular, when humidity is included
among the meteorological variables (it is excluded in the analysis by Schwartz), we
find that the PMjg effect is not statistically significant.” Roth and Li in a study sup-
ported by EPRI similarly examined Birmingham mortality data, as well as hospital
admissions data; they also could find no effect of particulate matter on health. The
Health Effects Institute, in a project supported by the U.S. EPA and the automobile
industry, verified the numerical correctness of the results of Dockery and Schwartz
in Philadelphia, but they also tried alternative models in their research project and
found it impossible to definitively link particulate pollution with increased Philadel-
phia mortality. After application of several models, they conclude: “We caution
against using the model coefficients directly to estimate the potential consequences
of lowering concentrations of the individual pollutants through regulatory measures;
the pollutant concentrations are correlated and the estimates of their effects depend
on modeling assumptions.”

In a paper published in the journal Epidemiology, Moolgavkar and Luebeck pre-
sented an independent analysis of the relationship between daily air pollution and
mortality in Philadelphia. They conclude: “[I]n Philadelphia, each component of air
pollution, when considered alone, is an important predictor of mortality in at least
one season. . . . When all pollutants are entered simultaneously into the model,
however, nitrogen dioxide appears to emerge as the most important pollutant.” In
a second study Moolgavkar and his colleagues also “failed to replicate findings” of
the study of the relationship between daily deaths and particulate air pollution in
Steubenville, Ohio.

EPRI has recently sponsored a re-analysis of the relationship between daily res-
piratory hospital admissions and air pollution in Detroit. Joel Schwartz of Harvard
had previously analyzed these data and found a statistically significant association
between hospital admissions and particulate air pollution. He was kind enough to
send his data to a group of statisticians at Stanford University. When they applied
the same model as Schwartz, they obtained similar results. When they incorporated
the potential influences of day of week into the model, particulate matter was no
longer a significant predictor of hospital admissions. This is potentially important
because hospital admissions vary by day of week. If they go down on weekends and
pollution is lower on weekends, and if an investigator did not consider “day of week”
in the model, then the investigator could wrongly attribute the effects of weekend
behavior to pollution.

Can we say which analysis is the correct one for each of these data sets? By and
large there is no best way to analyze the data. Each individual may have his or her
favorite method, but in reality we are addressing a complex statistical issue for
which there is no one correct way to analyze the data. Our problem is that different
methods give different results. We cannot know which result to believe, but it is im-
portant to know that these differences occur.

Could the methods chosen to analyze the data influence the results? 1t is clear that
the different models can give different results. None of the models fits the data well;
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hence it is not possible to decide which model is best. There is no one correct way
to analyze a data set. Hence an investigator has considerable freedom in the choice
of his/her model. There are different ways to address the seasonal nature of the
data; i.e., the patterns due to the fact that there are more health effects, such as
deaths, in winter than in summer. An investigator can choose weather factors and
the other pollutants he or she may place in a model. The investigator can decide
whether to relate today’s pollution with today’s mortality, or yesterday’s pollution
with today’s mortality or the average of the last 5 day’s pollution with mortality.
All of the above and more have been considered. Then there is the model construct
itself; it could be linear, log-linear, or Poisson. Often an investigator may choose one
method over another in order to ensure that all public health considerations are un-
earthed so that the public health can be protected at all costs. This has been a ra-
tionale for considering only one pollutant when others are equally likely to influence
a health response; in their papers authors indicate that a specific variable was cho-
sen because it maximizes the association between an air pollution variable and a
health response. This may be “conservative”, but it does not provide an accurate es-
timate of effect or association.

Usually we use a 5 percent level of significance in empirical research; that means
that we accept that there is no effect when the chance of a positive result occurring
is only one in twenty. However, the additional flexibility in model choice noted
above alters the level of significance in statistical tests, making it more likely that
the investigator will estimate a positive effect when none in fact occurs.

There may be other factors associated with the complicated data sets with which
we work. The data are complex time series data, and we have little detailed under-
standing of these data sets. The models we apply are relatively simple models. We
assume they are adequate for our data. In an effort to test this, Lipfert & Wyzga
undertook some initial analyses to determine how these models performed with un-
related data sets; e.g., pollution variables for one city and unrelated health data for
a distant city.

Our results are preliminary, but indicate some surprising significant relationships
such as a statistically significant relationship between air pollution in one city and
health impacts in a distant city. These provocative findings need to be resolved. It
may be premature to suggest that they impact our evaluation of the current science,
but it would be irresponsible not to investigate these findings further. I hope to clar-
ify these results within the next 3 months.

Then there is the issue of pressures to emphasize positive studies. This is best
described by the following quote from the July, 14, 1995 issue of Science, entitled,
“Epidemiology Faces Its Limits.” The article states “Authors and investigators are
worried that there’s a bias against negative studies,” and that they will not be able
to get them published in the better journals, if at all, says [Marcia] Angell [Execu-
tive Editor] of the NEJM [New England Journal of Medicine]. “And so they’ll try
very hard to convert what is essentially a negative study into a positive study by
hanging on to very, very small risks and seizing on one positive aspect of a study
that is by and large negative.” Or, as one National Institute of Environmental
Health Sciences Researcher puts it, asking for anonymity, “Investigators who find
an effect get support, and investigators who don’t find an effect don’t get support.”

Could PM be serving as an index for other pollution? If we regulated PM, would
we achieve the health improvements we want? In other words can we disentangle
the health effects of particulate matter from those of other pollutants and weather?
To a limited extent we can, but we are hampered by two issues. All pollutants may
be associated with health effects. Second, most urban pollutants are present at the
same time. In addition, weather conditions can cause many pollutants to con-
centrate in an area at the same time, including those pollutants that are not meas-
ured. In fact weather conditions are often correlated with pollution as well.

Hence it is difficult to disentangle any effects of various pollutants and to indicate
which pollutant may be associated with a given health effect. The Health Effects
Institute and the Moolgavkar and Luebeck quotes above address this problem. In
addition, in a paper Lipfert and Wyzga published in the Journal of the Air and
Waste Management Association, we examined many published studies that had
looked at the relationship between daily mortality and various pollutants. We found
that if a study had chosen to focus upon sulfur dioxide or nitrogen dioxide instead
of particulate matter, that study found similar effects on daily mortality as did those
studies that focused upon particulate matter. A focus upon carbon monoxide indi-
cated somewhat larger effects than particulate matter, and a focus upon ozone gave
somewhat smaller effects. Given the high correlation between the various air pollut-
ants, an obvious conclusion is that if an investigator had elected to study another
pollutant instead of particulate air pollution, he/she might well have concluded that
the other pollutant was the pollutant of concern.
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Disentangling the various air pollutants is complicated because of statistical con-
siderations. Lipfert and Wyzga have shown, and it is now widely accepted, that
until one has an understanding of how well the measured pollution data represent
the levels to which people are actually exposed, it is not possible to separate out
the effects associated with various pollutants. The EPA Criteria document states,
“Measurement error in pollutants or other covariates may also bias the re-
sults, . . . and the most poorly measured exposure covariate is usually the one that
is driven toward no effect.” Measurement error is caused by the fact that the
amount of pollution measured by the monitor is not the same as that to which a
person is exposed. This could be caused by inaccuracies in the instrument. It could
be due to the fact that the monitor is not located in the same area of a city as an
impacted individual, or it could be due to the fact that people spend most of their
time indoors where pollution exposures may be very different from what is meas-
ured at a monitor.

Is there any relationship between the concentration of particulate matter in the
air people actually breathe with the levels used in air pollution health studies? We
know very little about what pollution levels people are actually exposed to; we know
even less about how the actual exposures of people to particulate matter relate to
the levels measured at outdoor monitors, which can be very distant from people’s
homes. Available data show no consistent relationship between the levels of particu-
late matter people actually breathe and the levels measured at outdoor monitors.
This is also true when we ask whether personal exposure data track outdoor levels
over time. In addressing this issue in its Criteria Document, EPA depends upon a
study of seven elderly Japanese living in non-smoking, non-carpeted, “typical”, Japa-
nese homes in Japan. For this group, there was a good relationship between per-
sonal exposures and ambient measures of PMjo. The relevancy of this data set to
Americans is, however, unclear. Other studies do not demonstrate as good a rela-
tionship between the air actually breathed and that measured at the monitors. A
study in Phillipsburg, NJ looked at the relationship between personal (actual) expo-
sures to PMip and outdoor measures for 14 individuals. For the group as a whole,
the personal exposures tended to increase with outdoor levels, but the results are
not consistent across individuals. For some people a reduction in outdoor levels in
PMio would have no effect on the PMjo levels where people breathe. A study in
Azusa, California compared the actual exposures and outdoor levels of ten people
to PM2s and PM;o for periods of 7 days. The results were not consistent. For half
of these people, the actual exposures to PMss decreased when outdoor levels of
PM; 5 increased. No individual showed a striking positive relationship between per-
sonal exposures and outdoor levels.

Some studies have looked at people who might be more susceptible to air pollu-
tion. A group at the Gage Research Institute at the University of Toronto studied
21 asthmatics for both winter and summer periods for a total of about 20 days each.
A correlation co-efficient of 1.0 would mean perfect concordance; a correlation co-effi-
cient of 0.0 would indicate absolutely no association between the two. The average
correlation coefficient across subject between actual exposures to PM,; and meas-
ured outdoor levels was 0.11; (i.e., outdoor measures would explain about 1 percent
of the variation in personal exposures.) This result suggests that changes in the out-
door levels of fine particulate matter (PM>1) would have negligible impact on the
asthmatics’ actual exposures. EPRI sponsored a study of asthmatics in Uniontown,
PA. Our contractors from the Harvard School of Public Health measured the per-
sonal exposures and ambient levels of sulfates, a component of particulate matter,
and found good agreement between personal exposure and outdoor levels. Unfortu-
nately this study did not consider particulate matter as a whole.

We are currently supporting a study at Harvard School of Public Health of people
with chronic obstructive pulmonary disease (COPD). We hope to understand the re-
lationship between actual exposures of particulate matter (both PMio and PM;5s)
and outdoor levels. The first part of the study was undertaken in Nashville and
showed absolutely no relationship between these two measures for the ten people
studied. We are currently repeating that study in Boston.

Why do actual exposures differ from levels measured at monitors? First of all,
people spend little time in the vicinity of the monitor, which may not be in a very
representative location. If an individual lives in the suburbs, and the monitor is in
the center of the city, the monitor may not provide a good indication of the pollution
level to which the individual is exposed. Second people, especially susceptible indi-
viduals, spend considerable time indoors, where some particulate matter may not
be able to penetrate and where other sources besides outdoor air pollution can have
considerable influence on a person’s actual exposure to particulate matter. Sources
of indoor particulate matter include passive cigarette smoke, vacuuming, dusting,
pet dander, fireplaces and woodstoves, hairsprays, etc., etc. For this reason personal



203

exposures to particulate matter are often higher than outdoor levels because when
we move, we generate a cloud a fine particulate matter around us, not too unlike
that generated by the PigPen character in the Peanuts comic strip.

Is there any biological explanation for the results we see from these models? In
its proposed decision to promulgate particulate matter standards, EPA states, “it is
generally recognized that an understanding of biological mechanisms that could ex-
plain the reported associations has not yet emerged.”

Is there any reason to believe that PMss is of greater health concern than PMio?
There is no health evidence that PMzs presents a greater concern than PMio. In
a recently published paper Lipfert and Wyzga reviewed 30 published papers (all
that they could find as of that date) that examined the association between mortal-
ity and particulate air pollution. Some of these studies used PMio as a measure of
particulate air pollution; others used PM,s. We compared the results of the studies
that used PMio to those that used PM,s. The differences in estimated effects be-
tween the two particulate measures was small; if anything, the literature suggested
greater effects were associated with PMjo.

There are a few studies that consider both PMio and PM,s. If we consider the
estimated effects of PMyp and PM> 5 in a head-to-head comparison in these studies,
we find little difference between the two indices. Where there is a difference, the
estimated health effects of PMio appear to be greater. For example, in Table 13—
5 of EPA’s Criteria document, EPA summarizes the results of the Harvard 6-City
Study. The table presents the estimated changes in relative risk for increased chron-
ic mortality in adults. The higher the number, the greater the estimate of increased
risk. For PM1o or PM3s, it is 1.42; for PM;s5, it is 1.31. Lipfert and Wyzga compared
the PMjo and PMy s results for all existing studies and found the estimated health
effects of PMzs to be less than or equal to the estimated effects of PMo.

Why then does the EPA say that there is need for a PM,s standard to protect
public health? The basis for this argument is a paper based upon the Harvard 6-
city study. That paper estimates the association between daily mortality and PMs,
PMio, and the difference between PMio and PM2s. EPA refers to the latter as the
“coarse fraction”. That study finds the strongest association between daily mortality
and PM> s and the weakest association between daily mortality and the “coarse frac-
tion”. In our opinion the analysis is flawed, however, because of the measurement
error issue. In a paper recently accepted by the Journal of the Air and Waste Man-
agement Association, Lipfert and Wyzga show that the comparisons between PM2s
and the “coarse fraction” are inappropriate without any correction for the difference
in measurement error. There are at least two types of measurement error present
in the data collected. First of all, an earlier paper by the Harvard investigators
noted that the device used created inaccuracies averaging 43 percent for the “coarse
fraction”. Second since PM5 s is more spatially uniform than is the “coarse fraction”,
the readings from a single monitor in a large geographic region (up to nine counties)
will be much more representative for PM>s than for the “coarse fraction.” These two
factors will bias downward the estimated impact of the coarse fraction. Our conclu-
sion in this paper is: “In the specific study (Schwartz et. al, 1996) that we consid-
ered in detail, which employed a single monitor in each of six large metropolitan
areas, we conclude that virtually nothing can be inferred about the true causal na-
ture of daily mortality, the actual responses to these agents, or the shapes of the
true response functions. Given the strong bias in favor of PM5 s resulting from lower
instrument errors, less spatial variability, the treatment of missing data, and the
near significance of coarse particles in spite of these handicaps, the most prudent
conclusion from this study would have been that there is no apparent significant
difference in mortality associations by particle size.”

How accurately can we measure PM,s? A new standard, such as PM;s, requires
defining the substance, PMzs, to be controlled. This is defined by the levels meas-
ured through an official reference method. For PM> s this method is prescribed along
with the proposed standard. Field testing of the reference method began late last
fall. We too have been testing a suite of methods at the sites selected by EPA and/
or State agencies. Our suite includes samplers that work on the same principle as
the reference method. Test results are being analyzed by several groups; neither
EPA nor our results have been published yet.

Our initial results indicate that in some cities the reference method would not
capture a substantial portion of the fine particulate constituents, especially those
that are likely to evaporate during the measurement process. These results are con-
sistent with theoretical expectation. Therefore, we predict that the reference method
is likely to provide incorrect and incomplete information from the standpoint of
characterizing and managing any potentially harmful constituents of particles. In-
stead promising newer technologies ought to be considered.
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SCIENTIFIC ISSUES FOR THE ANNUAL STANDARD

How strong is the evidence for that standard? The studies and issues I have dis-
cussed previously relate both to the daily and annual standards. Evidence to sup-
port changes in the annual standards come from a different type of study. Dif-
ferences in the health of various communities are compared with differences in the
air quality for these communities. Attempts are made to adjust for other factors
(e.g., demographic or socio-economic factors) that may explain the health differences
among communities. It is important that all potentially relevant factors be included
in the analyses. This is particularly true for factors which vary regionally as does
air pollution. These factors include regional differences in diet, lifestyle, and climate.
Omitting such a factor from statistical analysis can shift the blame onto air pollu-
tion. These factors are referred to as confounding factors.

These studies have improved recently with the study of defined cohorts for which
we have some individual characteristics, such as smoking history. The ability of
these studies to control for non-air pollution factors is however, limited by the infor-
mation collected. EPA cites two of these studies as providing support for their pro-
posed annual standard for PM>s.

The first study was based on differences in cohort survival rates among the cities
studied in the Harvard Six Cities study. EPRI was a funder of this study. This
study is confounded by the failure to account for known lifestyle differences across
the six cities. For example, EPRI-supported research has shown that differences in
the fraction of the elderly population with sedentary lifestyles in each area can ac-
count for most of the differences in mortality among the study cities; moreover, the
predicted effect of this lifestyle factor matches almost perfectly the relationship esti-
mated in an independent California study by Breslow and Enstrom.

The second study also did not consider lifestyle factors; in addition, this study
only evaluated mortality relationships with respect to sulfate and fine particles and
did not test whether similar results might have been found for any other pollutants.

Neither of these studies considered the fact that the evaluation of chronic health
effects must consider the typically long latency periods of such diseases and the air
pollution histories of the cities being studied. Typically, the dirtiest cities have al-
ready improved greatly; hence chronic health effects could be due to the past dirty
air, which initiated the process, the end result of which we see today.

CONCLUSIONS

Would the changes in the proposed particulate standards lead to improvements
in public health? No one knows. The results of positive statistical studies must be
balanced by the following issues:

(1) not all studies find a significant positive association between particulate mat-
ter and health;

(2) re-analyses of existing studies, by a wide range of scientists, do not support
the conclusions of the original studies that there is a significant association between
particulate matter and health;

(3) the choice of method to analyze data can influence the results;

(4) it is very difficult and often impossible to determine which specific pollutant
may be related to health consequences; is it particulate air pollution or some other
factor;

(5) there is an inconsistent relationship between the particulate levels in the air
we actually breathe and that measured at monitors;

(6) we have no biological explanation for the results of the statistical models;

(7) if there is an association between particulate air pollution and health, there
is no health information available that suggests greater health effects associated
with PM; s than with PMio; and

(8) to understand any health effects and to manage PM, s concentrations, we need
a more accurate definition of PM>5s than that of the proposed Federal reference
method.

It is clear that we are dealing with a very complicated situation; the findings to
date raise the specter of an important public health issue, yet there remain many
unanswered questions before we can confidently conclude that these effects are real
and we know how to improve the public health. We clearly need to work together
if we are to resolve these questions. We need to pool our resources, share our knowl-
edge and data to resolve these questions. It is fortunate that we as a society have
already committed to reducing air pollution and pollution levels are in decline.

Let’s continue to work together.
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RESPONSES OF DR. WYZGA TO ADDITIONAL QUESTIONS FROM SENATOR INHOFE

Question 1. EPA has emphasized studies that support their proposal; are there
either old or new studies that come to the opposite conclusion?

Response. There are many studies that do not demonstrate a consistent statis-
tically significant association between air pollution and health. I cited several such
studies in my statement, such as the studies of Styer et al. of Salt Lake City; Morris
of Manchester, England; Roth of Prague, the Czech Republic; Burnett et al. of ten
Canadian cities; and Abbey et al. of California. Reanalyses of existing studies also
raise questions about the unambiguous association between health response and ex-
posure to particulate pollution. These studies include Davis et al. of Birmingham,
AL; Roth and Li of Birmingham, AL; Health Effects Institute of Philadelphia;
l\/fl‘oolgavkar et al. of Philadelphia and of Steubenville, Ohio; and an EPRI reanalysis
of Detroit.

In addition, there are several recent studies that come to a similar conclusion:
Bacharova et al. of Bratislava, the Slovak Republic; Balleser et al. of Valencia,
Spain; Ponce de Leon et al., of London; Schouten et al. of ten Dutch cities; and
Wojtyniak et al. of four Polish cities.

There are two important factors to consider in this context. First of all, many neg-
ative studies don’t get published. Journals are less likely to publish negative results
than positive studies; hence there may be several studies with negative findings
that have not been published, and we are therefore not aware of them.

The second point is one that I made in my statement. In every case where the
data from a positive study have been re-analyzed, the re-analysis does not support
an unambiguous statistically significant association between health and particulate
matter. This is of concern because several key data sets are not available for re-
analysis; hence it is unclear whether the results from these studies would remain
the same if alternative, yet equally valid, statistical methods were applied to ‘them.

Question 2. You mentioned the finding of statistical associations that clearly make
no sense, that draw on similar techniques and some of the data used in EPA’s stud-
ies; can you elaborate?

Response. The most common type of study considered by EPA is one in which
daily levels of a health index, such as hospital admissions or deaths, are related to
daily levels in particulate air pollution, after adjusting for other factors such as day
of week, weather, time of year, or other pollutants. In the past Fred Lipfert of
Brookhaven National Laboratory and I have examined many such data sets. We de-
cided to look at relationships between pollution in one city and health indices in dis-
tant areas to see whether or not the methods used would provide similar results.
One would not expect any association between these two presumably unrelated data
sets; an association could occur only because of chance or because there of an arti-
fact in the methods used to analyze such data sets. If the association occurs over
several data sets, chance is not the likely explanation; rather we must conclude that
there are serious concerns about the methods we are using to analyze the data.

We have related the following data sets and found statistically significant associa-
tions between:

e daily deaths in Santa Clara County (San Jose, CA) and daily air pollution
(ozone) in Philadelphia;

h. daily hospital admissions in Toronto and daily particulate levels in Philadel-
phia;

¢ daily deaths in the U.S. and daily particulate levels in Philadelphia;

¢ the number of daily births in the U.S. and daily Philadelphia particulate levels.

We tried to relate daily Philadelphia particulate levels to random numbers, such
as lottery results, but we could not find any unexpected associations. This result
suggests that there may be some inherent property of the time series data sets that
is not properly considered in the analyses to date. We are investigating this issue
at present with additional statistical experts, who specialize in analyzing data sets
such as these.

We have not yet analyzed the relationship between demographic indices and par-
ticulate levels for cities other than Philadelphia.

This result merits immediate resolution because if the methods used to date are
shown to introduce spurious associations between daily particulate levels and daily
health indices, then the many studies cited by EPA and others are meaningless.

Question 3. Have you studied what happens on the days before and after peak
air pollution episodes? Do your models account for the net effects?

Response. During the severe pollution episodes before 1965 in London and else-
where, if was clear from looking at the data that mortality increased shortly after
these episodes. See my answer to your fourth question. When we look at the data
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plots, however, for the studies undertaken today at contemporary air quality levels,
no such relationship is apparent. Pollution peaks are rarely followed by visible in-
creases in any health index. If pollution were an important culprit, we would expect
to see some signal in the health data. We do not. The model results appear to be
influenced more by the temperate changes in pollution, an issue which also raises
the possibility of some artifact being present in the methodology.

We have on occasion looked at the relationship between deaths on 1 day and pol-
lution on subsequent days (i.e., the deaths precede the pollution), and we find some
significant associations although this is not an issue that we nor anyone else, as
far we know, have examined rigorously.

We have examined the net effects of pollution on mortality over several days in
Philadelphia. In models where we can find an effect of particulate air pollution, we
find that the net effect is zero after several days.

Question 4. How do the present peak periods of air pollution compare with those
experiences in London during the 1950’s and 1960’s? Do we see the same kinds of
health responses?

Response. Air pollution levels during the London episodes of the 1950’s and 1960’s
were much higher, as much as a factor of ten higher, than episodes seen in the con-
temporary U.S.. We have dramatically deceased our pollution levels in the past thir-
ty years, and this is true for fine particles as well as for larger particles. One speak-
er at the hearing gave the impression that polluters choose to control the larger par-
ticles selectively because their higher masses give a “bigger bang for the buck”. The
big gains in control of particulates have come from controlling combustion and man-
ufacturing sources involving fine particles, by switching to cleaner fuels and install-
ing particulate collectors. In recent decades, fine particles have been reduced by
about 6 percent per year in New York, Philadelphia, St. Louis and Steubenville,
Ohio, and we have every reason to believe that this trend will continue in response
to clean air regulations already in force. Larger particles associated with road dust,
agricultural sources, etc., are harder to control; hence further reductions of these
particles may be more problematic.

In London, health responses to high pollution levels were obvious from looking at
the data; this is not the case with recent studies. See answer to question 3. A curi-
ous finding, however, is that when the same models are applied to the London data
during the high episode period and to contemporary data sets when pollution levels
are much lower, we see similar results; i.e., the relative risks of air pollution has
not changed despite the fact that pollution levels have declined dramatically. This
result is difficult to explain. It could be due to the fact that we’re controlling the
wrong pollutants; it could be due to artifacts in the models and methods (See my
answer to your second question.); or it could be that we respond to relative changes
in the level of pollution rather than to absolute pollution levels. Any of these expla-
flations would have significant implications on how we regulate and control air pol-
ution.

ADDENDUM

I have one additional comment to make about an issue that was raised at the
hearing. The recent experiment of John Godleski was mentioned. In these experi-
ments, Dr. Godleski exposed compromised rats to Boston air in which particulates
were concentrated by a fact of thirty for 6 hours a day for 3 days. Concentrations
reached about 300 pg/m3. The rats had previously been exposed to very high levels
of sulfur dioxide to induce bronchitis-like conditions. After 3 days of exposure a sig-
nificant fraction of the rats died. At the hearing, the statement was made that the
average concentration of particulate exposure was 100 pg/ms3, a concentration on oc-
casion found in U.S. cities. I believe that this statement is misleading. Rats were
exposed at about 300 pg/m3 for 6 hours, which could result in a 24-hour average
concentration less than 100 pg/m3, but we have no reason to average the exposure.
Averaging the exposure without justification is equivalent to saying that standing
6 hours in a pool of water 10 feet deep is the same as standing in a pool of water
3 feet deep for 24 hours.

The experiments of Dr. Godleski are important and need to be resolved and un-
derstood, but they should not be misinterpreted.

STATEMENT OF JOHN CAHILL, ACTING COMMISSIONER, NEW YORK STATE
DEPARTMENT OF ENVIRONMENTAL CONSERVATION

Good Morning. My name is John Cahill, and I am Acting Commissioner of the
New York State Department of Environmental Conservation. I appreciate this op-
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portunity to present New York’s perspective on the proposed amendments to the Na-
tional Ambient Air Quality Standards for ozone and particulate matter.

As you are aware, Section 7409 of the Federal Clean Air Act requires that the
U.S. Environmental Protection Agency establish National Ambient Air Quality
Standards for criteria pollutants which “are requisite to protect the public health,”
and review these standards on 5-year intervals. Based on such a review, EPA has
now proposed 4 revisions to the standards for both ozone and particulate matter.
While we are encouraged with the efforts of EPA to meet these requirements of the
Clean Air Act, and support efforts to ensure that the air quality standards are pro-
tective of the public health, we have several comments to make regarding EPA’s
proposed revisions.

In its 1991 report “Rethinking the Ozone Problem in Urban and Regional Air Pol-
lution,” the National Research Council identified several shortcomings in EPA’s ex-
isting strategy to reduce concentrations of tropospheric ozone. In its report, which
was mandated by the Clean Air Act, the Council suggested that the existing mon-
itoring tends to measure transient “spikes” in ozone concentrations rather than
baseline or average levels, and is overly sensitive to weather fluctuations. Both of
the problems, the report concluded, could be traced to the fact that the existing
ozone standard looked at concentrations on a peak 1-hour basis. We are therefore
supportive of EPA’s proposal to amend the ozone standard to an 8-hour interval.

Over the years, New York has had some success in meeting the existing ozone
standard of 0.12 parts per million. Most of upstate New York, which had been in
non-attainment with the standard, has recently experienced several years of “clean
data.” Even the New York City metropolitan area has shown a marked reductions
in ozone levels. The region exceeded the standard only two times during the 1996
ozone season, compared to 38 times in 1980. While we will support any standard
that is based on strong scientific evidence, we are concerned about the impact a re-
vision to the ozone standard will have on New York’s efforts to meet Federal air
quality goals, especially without dramatic improvements in the quality of air enter-
ing the State.

For instance a revision of the standard to 0.07 ppm, the more stringent scenario
in the EPA proposal, could cause most of the upstate region to be once again des-
ignated as non-attainment. There is evidence that baseline levels of ozone could
reach as high as 0.06 ppm, therefore making a standard of 0.07 ppm virtually im-
possible to attain. As previously stated, we support setting the standard at a level
which is protective of the public health, but setting it so low that it could conceiv-
ably never be attained, even under the best of circumstances, would benefit no one.
Literally billions of dollars would be spent chasing an unattainable goal.

It is difficult to ascertain just how the upstate region of New York would fare if
the standard were set at a level of 0.08 ppm. Available data from the last 3 years
indicate that much of upstate New York is currently hovering around the 0.08 level.
This makes it vital that EPA use real-world monitoring data for the coming years,
rather than modeled predictions based on previous data, when making its attain-
ment designations. EPA should also require affected States to install monitoring
networks with sufficient density to provide robust data and high confidence in the
designations it does make. In this manner, improvements made in the upstate re-
gion in the next 3 years will be included when making an attainment determination.
We further support EPA’s proposal to require measurements to be taken to two deci-
mal points (0.08) rather than three (0.080).

Another concern relating to the proposed amendments involves modifications to
the existing designation levels that would be needed as a result. Currently, the five
levels of ozone non-attainment, ranging from marginal to extreme, and the associ-
ated control strategies are set forth in the Clean Air Act. Any changes made to the
existing standard will require corresponding modifications to these designations as
well and, therefore, the control strategies a given area would have to implement.
It is our understanding that these amendments would be made by EPA in a rule-
making. We therefore feel it is vital that there be sufficient opportunity for the
States and other interested parties to participate in drafting such regulations, and
to review and comment on any future changes to the non-attainment designations
before they are implemented.

While there may be some uncertainty regarding how the proposed amendments
to the ozone standards will affect upstate New York, it is likely that certain seg-
ments of the Midwest would be reclassified as non-attainment if the new standards
are implemented. New York State has repeatedly expressed concern that it will
never be able to meet even the existing ozone standard so long as the air entering
the State at its western and southern boundaries already exceeds that standard. As
a member of the Ozone Transport Commission, New York has enacted several con-
trol measures beyond those required by the Federal Clean Air Act in an effort to
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attain the ozone standard. We have also actively participated in the Ozone Trans-
port Assessment Group, consisting of the 37 States east of the Rocky Mountains,
in hopes of achieving significant reductions in the long-range transport of ozone and
its precursors. Regardless of the final outcome of the proposed amendments to the
ozone and particulate matter standards, it is crucial to New York’s attainment strat-
egy that the large sources of ozone precursors located in the Midwest and Southeast
be required to install the same level of controls currently required in the Northeast.
In this manner, the air quality of the entire region will improve, and the Northeast
will be able to compete on equal footing with the Midwest as the electric generation
industry is deregulated. We further support EPA’s position that the negotiations
and rulemakings regarding long-range transport of ozone precursors now underway
should not be postponed as the revisions to the air quality standards are considered.

As with the ozone standard, we are concerned about the environmental and public
health impacts of long-range transport of fine particulates. In a recent report, the
American Lung Association estimated that inhalation of particulates is responsible
for some 60,000 premature deaths in America every year. Epidemiological evidence
suggests that fine particulates pose an immediate risk to the health and well being
of our citizens. The same contaminants that are largely responsible for fine particu-
lates are also significant contributors to both ozone formation and the acidic deposi-
tion that continues to plague the forests and water bodies of the Northeast. Reduc-
tions in emissions in the OTAG region that lead to these particulates will therefore
pay off fourfold, resulting in decreases in acidic deposition and ozone as well as the
direct reductions in particulate matter, which in turn will help improve visibility
throughout the region.

As with the proposed changes to the ozone standard, it is important that EPA
base any redesignation for the particulate matter standards on observed, real-world
data rather than on computer modeling. EPA will also soon need to propose and fi-
nalize specifications for the equipment used to monitor fine particulates. From our
recent experience in designing and installing monitors in New York City, it is clear
that there will be considerable additional expense associated with the monitoring
network needed to determine compliance with the new standards. As Federal fund-
ing for compliance with the requirements of the Clean Air Act continues to dwindle,
EPA must be cognizant of the substantial increase in resources that will be needed
to meet the monitoring requirements of both the ozone and particulate standards.

In conclusion, New York fully supports the efforts of EPA to set new standards
for ozone and particulates, provided that they have a scientific basis and are attain-
able. We feel that an 8-hour ozone standard is preferable to a current 1-hour stand-
ard, both to reduce the impact of weather fluctuations, and to provide an accurate
assessment of the true effectiveness of control strategies by measuring average
ozone levels rather than worst case, transient events. We also feel that EPA and
Congress should be cognizant of the costs these new standards will impose on the
States when considering funding levels for grants under Section 105 of the Act. The
Department will be submitting more detailed comments before the close of the pub-
lic comment period. Thank you again for providing me with this opportunity to
present our viewpoints on this matter.

STATEMENT OF THE ASSOCIATION OF STATE AND TERRITORIAL HEALTH OFFICIALS
(ASTHO)

The Association of State and Territorial Health Officials (ASTHO) is pleased to
present its views on the U.S. Environmental Protection Agency’s (EPA’s) proposed
rules regarding the National Ambient Air Quality Standards (NAAQS) for particu-
late matter (PM) and ozone, the Agency’s interim implementation policy, and its
proposed surveillance methods for particulates. 61 Federal Register 65637, 65715,
65751 and 65780 (December 13, 1996). ASTHO represents the public health agen-
cies of each of the U.S. States and territories and its members are the chief execu-
tive officers of the health department of every U.S. State, territory and possession.
ASTHO engages in a wide range of legislative, scientific, educational and pro-
grammatic activities to improve public health. Because human health effects are the
foundation of the proposed revisions to the NAAQS, ASTHO and its members are
vitally concerned that any proposed revisions to the NAAQS have a sound scientific
foundation and promote a beneficial national public health policy.

SUMMARY AND RECOMMENDATIONS

ASTHO believes that EPA’s proposed NAAQS for fine particulates and ozone will
result in far fewer cases of adverse respiratory effects, but in the absence of dem-
onstrated thresholds for adverse health effects, they will not fully protect the public.
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Exposure to 20 to 30 micrograms per cubic meter of fine particulates have shown
adverse health effects, and argue for the NAAQS to be set lower than that level.
Adverse health effects from ozone are also reported at 0.08 ppm in prolonged expo-
sure with moderate exertion, leaving little apparent “adequate margin of safety” in
any proposed standard.

Since the standards will not fully protect the public, the Agency should develop
a system to warn the public about high levels of particulates in the atmosphere,
similar to warnings now given about ozone levels. Such warnings about both partic-
ulates and ozone would allow individuals to take measures to protect themselves
against these potential health hazards.

EPA reviewed 86 studies of human health and particulate matter and 185 studies
of ozone and human health as the basis for the proposed standards. The Agency has
presented a wealth of evidence that ozone produces human health effects at the cur-
rent NAAQS, and sufficient evidence that particulate matter, including fine particu-
lates, may present a danger to public health. Thus, ASTHO believes that the Agen-
cy’s dgcision to move forward with new standards is justified on public health
grounds.

ASTHO believes that the proposed PM,s standard should supplement, not re-
place, the existing PM;o standard. Coarse particles are also likely to cause adverse
health effects, and people should be as protected as possible against exposure to
them as well.

EPA’s proposed 24 hour average measurement standard for particulates ignores
the highest daily exposures, and could result in an additional week or so each year
of daily exceedences without violating the standard. Sensitive populations could
needlessly suffer additional episodes of illness or death when exposed to these short
term, high particle levels.

PARTICULATE MATTER

EPA reviewed 86 health studies of human health and particulate matter as part
of the foundation for the proposed revision to the NAAQS. ASTHO believes that the
Agency’s effort in reviewing the scientific data has been thorough, and that the sci-
entific evidence is sufficient to generate concern that particulate matter, including
fine particulates, may presently be a danger to public health. While some may have
criticized the relative lack of data regarding exposure to fine particulates, the uncer-
tainties regarding the composition of particulate matter, or the confounding influ-
ence of sulfur oxides and other pollutants, the existing data supports the Agency’s
proposed action. Additional studies that EPA did not explicitly cite, and which esti-
mated the concentration of fine particles through impaired visibility corrected for
humidity, also support the Agency’s action to regulate fine particles.

Consequently, ASTHO agrees that EPA should regulate PM,s as well as the
present PMio. The Agency stated in its summary that studies consistently find ad-
verse health effects at exposure concentrations between 20 and 30 micrograms per
cubic meter, and find mortality effects above 30 micrograms per cubic meter. Such
findings argue for NAAQS set lower than levels at which effects become apparent
if the standards are to protect human health with an adequate margin of safety.

Moreover, ASTHO believes that the PM,s standard should supplement, not re-
place, the existing standards for PM;o. Coarse particles are likely to cause adverse
effects as well as fine particles, and full implementation of a new NAAQS may take
a decade or more. The coarse particles are more common in the western states than
in the east, and eliminating the present standard would leave people living in the
west relatively less protected. Even if the existing standard were eventually phased
out, people should not be left with less protection during any period of transition.

EPA has also proposed to rescind the current 24 hour PMo standard or to retain
it at its current 150 micrograms per cubic meter, a level that EPA openly acknowl-
edges would not protect public health. Virtually all recent studies of mortality and
morbidity have used PM1o as the principal, if not the only, measurement of particu-
late matter. While PM;o may be a proxy for fine particles, coarse particles may also
be important in determining health outcomes. The current state of the science can-
not distinguish effectively between the impacts of fine and coarse particles in the
vast majority of epidemiological studies of PMio, especially where health outcomes
affect the airways. Significant quantities of both fine and coarse particles can easily
penetrate the bronchial tree and deposit in the airways. Several studies in which
the coarse fraction either dominated PM mass or in which PM>s was measured con-
currently with PM;o or PM3s, found that coarse particles were associated with ad-
verse lower respiratory outcomes.

Epidemiological data indicate that exposures to low concentrations of ambient
PMio have been linked consistently with airway related diseases. These studies do
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not show clearly, however, whether the relationship is stronger for coarse or fine
particles, or whether the associations are roughly equal. Public health efforts, then,
should continue to focus on reducing exposure to a pollutant indicator, PMio, that
is linked to airway conditions such as asthma and bronchitis. Thus, ASTHO believes
that a PMo standard should be retained in addition to putting the new PM5 s stand-
ard in place. The weight of scientific evidence, however, supports lowering the cur-
rent 24 hour PMo standard to protect public health.

ASTHO encourages EPA and other Federal agencies to continue to pursue and
sponsor additional research on the public health implications of ambient PM,s. Such
research should include epidemiological investigations of potentially susceptible sub-
populations, the relative strength of human health effects due to exposure to specific
particle sizes, indoor penetration of both fine and coarse particles, biological mecha-
nisms of action, and health effects due to PM composition.

ASTHO is concerned that the Agency’s proposed criteria for attaining standard for
fine particulates may not protect public health sufficiently. EPA proposes that 24
hour attainment would be measured by taking the 98th percentile of daily averages
over 3 years. Such a standard, of course, ignores the highest daily averages, and
could mean an additional week or so of daily exceedences without being in violation
of the standard. Sensitive populations could suffer additional illness or death when
exposed to high particle levels during these allowed short term excursions above the
standard. The Agency should remember that epidemiological studies show that
health effects are associated with short duration, high concentration episodes.

In addition, measured particle concentrations would be averaged over several
monitors in the area being monitored. Depending where the monitors are placed,
such an averaging protocol would leave some people overexposed. For instance, if
one monitor is placed in an area that routinely has high particulate concentrations
and others are placed in more pristine areas, people living in the area of high con-
centration would be left less protected than others.

The topography of western states places this area at greater health risk under the
monitoring protocol. The measurement protocol would work best in a terrain that
is relatively flat and that facilitates atmospheric mixing. The west, however, is often
characterized by deep mountain valleys and temperature inversions that prevent
such mixing. Tall buildings in urban areas can create “urban canyons” which inhibit
air mixing as well. The result can be radically different concentrations in areas that
are relatively close together. Average measurements of individual exposures under
theses circumstance could easily be misleading.

While ASTHO agrees that EPA should try to limit public exposure to fine particu-
lates, we also recognize that because no threshold exposure has been identified,
some individuals will remain unprotected by EPA’s NAAQS for fine particulates.

For this reason, ASTHO believes that the Agency should develop a system to
warn people about ambient particulate levels so that sensitive individuals can take
measures to protect themselves. Such a system would require daily measurements
to acquire sufficient data to make predictions accurately, and could be modeled after
the ozone reports routinely given in weather reports and forecasts.

In areas without PM monitoring, particulate concentrations could be modeled and
predicted based on the visibility impairment each day in a defined geographic area.
That visibility impairment would then need to be corrected for the humidity each
day in that area. Such a modeling effort would require an advance over the present
state-of-the-art, but ASTHO believes that such an effort, when successful, would act
to protect public health. It would be similar to the turbidity criteria currently used
to issue “boil water” alerts for drinking water.

OZONE

In its review of 185 studies, EPA has presented a wealth of evidence that human
exposure to ozone produces adverse health effects at the current NAAQS. In fact,
studies show that adverse effects occur during prolonged exposure to ozone along
with moderate exertion at least down to the new proposed 0.08 ppm level. Con-
sequently, little “adequate margin of safety” would seem to exist for acute effects
at this, or any other, level that the Agency has proposed as a possible new standard.
The 0.08 ppm proposed standard, if expressed as a long term annual average would,
however, approximate estimated background exposure and would be virtually indis-
tinguishable from background risk for chronic, but as yet unknown, human health
effects.

The Agency should recognize publicly that any of the proposed new NAAQS for
ozone will not completely protect the public from acute health effects because no
threshold has been shown to exist. Many people will still be placed at health risk
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no matter which NAAQS the Agency chooses, especially people with preexisting con-
ditions that make them especially susceptible to respiratory effects.

ASTHO believes that EPA should act to ensure that the public is aware that it
will not be completely protected from health effects related to ozone exposure with
the adoption of new standards, and that susceptible individuals must continue to
protect themselves from exposure to this substance.
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COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
Washington, DC.

PROPOSED NEW FEDERAL STANDARDS FOR OZONE AND
PARTICULATE MATTER

The committee met, pursuant to notice, at 9:30 a.m. in room 406,
Senate Dirksen Building, Hon. John H. Chafee (chairman of the
committee) presiding.

Present: Senators Chafee, Smith, Kempthorne, Inhofe, Thomas,
Bond, Allard, Sessions, Baucus, Hutchinson, Lautenberg,
Lieberman, Reid, Boxer, Warner, and Wyden.

OPENING STATEMENT OF HON. JOHN H. CHAFEE,
U.S. SENATOR FROM THE STATE OF RHODE ISLAND

Senator CHAFEE. I want to welcome you all to the Environment
and Public Works Committee, and we want to welcome Adminis-
trator Browner here today and those accompanying her.

This is the way we’re going to do the opening statements. I will
make an opening statement, then the ranking member, Senator
Baucus, will make an opening statement, or be available for one,
if he wishes, the chairman of the subcommittee and the ranking
member of the subcommittee. But that’s all we want to have for
opening statements. If people want to include their statements in
the record, obviously, that would be fine, and if they wish to give
their opening statement during their questioning period, that’s fine
too. But we’ve got a lot to do today, and so that is the way we will
proceed.

The purpose of our hearing is to review the national ambient air
quality standards for ozone and particulate matter that EPA pub-
lished last November. These are very complex and far-reaching pro-
posals. After careful review, I am concerned that they may be too
far-reaching.

Let me illustrate: it is possible to push too far and too fast. Con-
sider the history of the Safe Drinking Water Act. I believe everyone
now agrees that the 1986 Amendments to the Safe Drinking Water
Act went too far. Many of us on this committee were here at that
time. That legislation overloaded the States and community water
systems regulated under the law.

The problems with the drinking water program were created by
Congress, not by EPA. The 1986 drinking water bill was based on
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the best of intentions. I am sure that if we reviewed the testimony
at that time supporting the legislation—we were working on it
from 1984, 1985 and 1986—you will see statements very similar to
those you will hear today. Children are at risk of adverse health
effects because they are exposed to toxic pollutants. We could avoid
disease outbreaks and hospital costs by improving control tech-
nologies. A large number of Americans die prematurely each year
because of contaminants that could be reduced.

The 1986 drinking water amendments responded to those public
health concerns. Congress had the best of intentions, but we over-
loaded the system. As the 104th Congress opened, the Safe Drink-
ing Water Act was cited in hearings all across the Capitol as the
best example of what went wrong with the Federal Government.

With the hard work of Senator Kempthorne, Senator Baucus,
Senator Reid, and all the members of this committee and the sup-
port of EPA, we reformed that law last year, as Administrator
Browner remembers. We got rid of the overload. It is back on the
right course now, but it was an experience, I believe, we should
keep in mind. Even in the name of public health, it is possible to
press too far too fast.

Now, I would like to contrast that with another statute that we
passed, the ban on chlorofluorocarbons. Destruction of the ozone
layer is about as serious an environmental problem as you can
imagine. It is a worldwide threat that will take a century or more
to correct. I suppose there are some at the beginning when the first
scientific papers were published in the early 1970’s who thought we
ought to ban all CFCs immediately, but we didn’t take that course.
Under the leadership, first, of Lee Thomas, Administrator Lee
Thomas, and later of Administrator Bill Reilly, we took a more in-
cremental approach.

We moved step by step, starting with a freeze, then we had a re-
duction. There was a tax to discourage use, and eventually we
achieved a ban on all CFCs. At first we didn’t address all of the
ozone depleting chemicals, but the list grew as we went on. The
control program advanced quickly but only as it was supported by
good science and wide public support. In fact, many of the decisions
made by the EPA along the way were immediately endorsed by sci-
entists of chemical companies that manufacture the CFCs. People
knew that improving the science was the key to getting rid of
CFCs. Improving the science became a high priority. That is an ex-
perience to keep in mind, and I think it is well that we remember
that. It is possible to make rapid progress in even the most difficult
environmental problems with science serving as the foundation for
public consensus.

Now, how do those experiences affect us today? I think it is ap-
propriate to ask whether the proposed standards for ozone and par-
ticulate matter are the right measures or if they go too far, if they
overload the Clean Air Act.

Frankly, there is reason to be worried about how the Clean Air
Act is functioning. Although the EPA has done a good job on the
acid rain and stratospheric protection provisions of the 1990
Amendments, the ozone non-attainment program has fallen far be-
hind schedule, and these two new proposed standards, among the
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very largest regulations ever issued by the EPA, would be piled on
top.

Apparently, some are of the opinion that concerns about over-
loading the system cannot be considered when these standards are
set. According to this view, we must wait for the implementation
phase to determine whether we have gone too far. I hope that is
not what the Clean Air Act says. If it is, I think we put the tremen-
dous achievements of the Act in jeopardy. Surely, we can find a
way to work together to address the important public health con-
cerns that the newest science indicates might be caused by air pol-
lution without providing fuel for another round of attacks on our
environmental laws.

Now, we’ll turn to Senator Baucus for his opening statement.

OPENING STATEMENT OF HON. MAX BAUCUS, U.S. SENATOR
FROM THE STATE OF MONTANA

Senator BAucus. Thank you, very much, Mr. Chairman.

First, I appreciate your statement here. I think it is important
to remind us all of where we are in this process.

Last week the subcommittee heard testimony from scientists,
and I think a fair summary of that statement from the scientists
is that there is a significant problem with the ozone, and there is
an agreed upon range within which the EPA should adopt a stand-
ard. The particulates—as I recall the testimony, it was agreed that
there is a significant problem with particulates, but there is some
dispute among the CASAC members as to exactly what that stand-
ard should be. In fact, the CASAC panel itself did not recommend
a particular standard.

I think it is also important to remind ourselves, at least in this
instance, that we are not considering any statutory changes to the
Clean Air Act. Rather, we are here at the beginning of a fairly long
process to help the Administration and the EPA determine what
the proper ozone and particulate standards should be.

This is, again, the beginning of a very long process. The EPA has
not yet proposed its final regulations. We don’t even know what the
final regulations are going to be, and I think it is important for us
at the beginning of this process to keep an open mind and not rush
to judgment as to whether the initial proposed standards are
proper or not.

Later on this year, perhaps this summer, the EPA will issue its
final regulation after listening to all the comments. Then there is
a long process, which looks at the cost side of it, with the develop-
ment of State implementation plans which decide how the stand-
ards should be achieved. By then, of course, we may see new tech-
nologies to alleviate the problems in implementing the standards.

I want to contrast this process with the Safe Drinking Water Act
Amendments. The Safe Drinking Water Amendments in 1986 were
passed, I think almost unanimously, by this Congress, and signed
by President Reagan. But those were statutory changes. The law
provided for new tight standards to protect drinking water in our
country. It is true that in retrospect the statutory standards were
a bit too tight, particularly for small systems, and they imposed
monitoring requirements demanding expensive technology to have
to then be implemented, and the Congress did look at the many
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hearings and move to change the statutory provisions, as provided
by the Safe Drinking Water Act.

Senator Kempthorne, myself and others worked very hard on
that, and I compliment them. So the analogy of the Safe Drinking
Water Act is really apt. Really we are talking here about advice
and clearing the air, so to speak, on what the proper regulation ul-
timately should be. I urge all of us not to undermine the process
and not to rush to judgment. We should ask open-minded questions
about how the EPA arrived at this standard, how many people they
think are going to be harmed without the standard and how that
might change with the proposed new standard. There are still a lot
of questions. I think it is unwise to rush to judgment and criticize
a proposed standard before it is even promulgated. We don’t even
know what the standard is yet.

Thank you.

Senator CHAFEE. Thank you very much, Senator.

Senator Inhofe, who is the chairman of the subcommittee, and
then when Senator Graham gets here, we’ll hear his opening state-
ment and that will end the opening statements.

OPENING STATEMENT OF HON. JAMES M. INHOFE,
U.S. SENATOR FROM THE STATE OF OKLAHOMA

Senator INHOFE. Thank you, Mr. Chairman.

I'll submit the longer statement for the record.

First, I want to say that everybody in this room—Administrator
Browner, and Senator Thomas, all of us want clean air, we want
safe air.

A week ago today, the clean air subcommittee held a hearing to
hear from the scientific community on this issue. I don’t think
there is anyone up here at this table who would hold himself or
herself out to be an expert in these areas so we have to rely on ex-
perts, and that was the reason for the Clean Air Scientific Advisory
Committee to be written into the statutes, and the Administrator
has to rely on them also.

So we had all these people, and if there was one overall theme
that we learned last week at the hearing, it was that there is a
lack of scientific consensus about the judgments made by the EPA
in issuing the regulations.

In addition, some of the important points would include, and T’ll
name six real quickly.

More time is needed—and this is eight scientists that came to
this conclusion—No. 1, more time is needed to conduct additional
research; No. 2, the EPA’s decision was based on a policy call, not
a scientific consensus; No. 3, there is no obvious bright line sepa-
rately a level at which ozone and PM become dangerous for health
effects; No. 4, the PM studies were based on statistical associa-
tion—and this is very significant because I think they all said there
are no biological mechanisms here, and that is what you would be
looking for in order to justify the promulgation of more stringent
rules; No. 5, there is inconclusive evidence regarding the particu-
late matter size and the possible health effects; and, No. 6, dif-
ferent researchers are producing different inconsistent results from
the research on particulate matter. We had that come up in this
committee where other researchers came and refuted some of the
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accusations that were made by some of the previous scientists, Dr.
Schwartz.

The Washington Post said that no one succeeded in accomplish-
ing what 15 senators and scientists purportedly set out to do yes-
terday, resolving the scientific questions behind the Federal Gov-
ernment’s latest proposed clean air standards. The Washington
Times scientists yesterday said the available research wasn’t
enough to determine whether the plan would do what it is intended
to do, but they disagreed on the potential benefits.

In my State of Oklahoma, a statement appeared in the Daily
Oklahoman; it said, “Senators can’t find clean air in the haze.” So
I think later on, when we have more time, we can talk about some
of the specific statements that were made by Dr. Wolff, who is the
chairman of CASAC, and Dr. Lippmann, who serves on CASAC,
and their job is, of course, to advise the EPA on the scientific is-
sues.

Now, what I would like to do—I agree with Senator Baucus, who
says we don’t want to rush to judgment on this. There is too much
yet that we need to determine, and I don’t want to use a threat
of a court order, as an excuse to go in and exercise bad policy. I
am not a lawyer, but I've spent a lot of time looking at the imposi-
tion of legal mandates. My conclusion is that you don’t have to
change the current standard. The court order doesn’t require a
change unless scientific evidence is there, and also there is nothing
magical about 5 years. We should find out, and do something or do
nothing now, and find out 3 years from now. We have conducted
the studies and talked about it a week ago today that there is noth-
ing to keep us from going in at that point and being in full compli-
ance with the court order.

So I look forward to hearing from you, Mr. Chairman.

Senator CHAFEE. Well, thank you very much, Senator Inhofe.

The ranking member of the Subcommittee is Senator Graham,
and he is not here——

Senator BAucus. He’ll be coming later.

Senator CHAFEE. All right, so we will proceed with Ms. Browner.
We welcome you, Madam Administrator and look forward to your
testimony.

Now, I notice—I think it is 27 pages long, isn’t it?

Administrator BROWNER. I would like to submit for the record
the 27-page length testimony, and, if I might, just provide a sum-
mary of that in my opening comments.

Senator CHAFEE. We greet that with applause.

STATEMENT OF CAROL M. BROWNER, ADMINISTRATOR, ENVI-
RONMENTAL PROTECTION AGENCY, WASHINGTON, DC.; AC-
COMPANIED BY: MARY NICHOLS, ASSISTANT ADMINIS-
TRATOR FOR AIR AND RADIATION AND ROBERT HUGGETT,
ASSISTANT ADMINISTRATOR FOR RESEARCH AND DEVELOP-
MENT

Administrator BROWNER. Thank you, Mr. Chairman.

Mr. Chairman, Senator Baucus, members of the committee, good
morning, and thank you for the opportunity to testify on the EPA’s
proposed revisions to the national ambient air quality standards for
particulate matter and ozone, better known as soot and smog.
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Appearing with me today will be EPA’s assistant administrator
for Air and Radiation, Mary Nichols, and our assistant adminis-
trator for Research and Development, Dr. Robert Huggett.

Mr. Chairman, let me begin by saluting both you and Senator
Baucus for your long-standing and steadfast leadership on environ-
mental issues. As you know, it was a spirit of bipartisanship that
launched the Clean Air Act under President Richard Nixon more
than a quarter century ago, and it was that same bipartisan spirit
with this committee in the lead that resulted in the strengthening
of the Act under President Bush in 1990.

Today, under President Clinton the commitment to clean air re-
mains strong. Thanks to your leadership and to the success of the
Clean Air Act many millions of Americans are breathing healthier
air. Millions of our children are protected from the harmful effects
of breathing polluted air. Make no mistake—the Clean Air Act has
worked for America. It has helped protect the public health and it
has done so without holding us back.

Since 1970 emissions of the six major air pollutants have
dropped by 29 percent while the population has grown by 28 per-
cent, and the Gross Domestic Product has nearly doubled, economic
growth and cleaner air. Now that is a level of progress we can all
be proud of, which brings us to today’s question: where do we go
from here? Do we rest on our laurels? Do we stand back? Do we
say that because we are making progress there is no need to revisit
our standards, no need to reassess them in light of new scientific
findings, no need to ensure that they are adequate to protect the
health of the American people?

Wisely, the Clean Air Act since its inception does not allow us
to make that choice, to simply stand still. The Act contemplates the
march of technology. It envisions that science will come up with
better ways to understand the health effects of the air we breathe,
and that the standards of the 1970’s might not be right for the 21st
century.

The Act includes language directing the EPA to review the public
health standards for major air pollutants at least every 5 years in
order to ensure that they reflect the best, the current science. It
also lays out a specific procedure to obtain the best available cur-
rent science, and, if needed, revise the standards.

This is to ensure that we never get to a point where the Govern-
ment tells the American people their air is healthy to breath when
in fact the scientific community knows it is not healthy.

As you know, the EPA is now under a court ordered deadline to
fulfill this obligation, and to publish a final decision on revisions
to the particulate matter standards by mid-July. One of the accom-
plishments of this proposal of which I am the most proud is the
fact that for the first time we are simultaneously proposing air
quality standards for more than one pollutant. We do this largely
for the purpose of allowing State, local governments and industry
to develop common sense, cost-effective strategies for meeting those
standards and to provide the American public with the most accu-
rate information about the quality of the air they breath.

In accordance with the law, the EPA has asked an independent
panel of scientists and technical experts from academia, research
institutes, public health organizations and industry to review our
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work and the underlying health studies and to make recommenda-
tions. That panel, known as the Clean Air Scientific Advisory Com-
mittee, or CASAC, over a 4-year period conducted 11 meetings, all
open to the public, a total of 124 hours of public discussion. Panel
members reviewed thousands of pages of materials prepared by
EPA and integrating the best available science. The EPA has held
further public meetings at which hundreds of representatives from
industry, State, local governments, organizations, as well as mem-
bers of the public have offered their views.

I can safely say that this has been the most extensive scientific
review and public outreach process ever conducted by the EPA for
public health standards. Over the course of this process we looked
at more than 5,000 scientific studies of the health effects of smog
and soot.

Mr. Chairman, this stack of papers is the bibliography of more
than—a list of more than 250 scientific studies covering more than
10 years of analysis focusing on the human health effects of pol-
luted air. These are the ones that CASAC agreed should be the
basis for a public health standard. Page after page, study after
study, every single one of these studies in this bibliography was
peer reviewed. It was published in a scientific journal before it was
even considered by the EPA, before it was presented to CASAC,
which then literally engaged in another peer review. This is lit-
erally peer review, of peer review, of peer review. There are in-
cluded here 185 studies on ozone, 86 studies on particulate matter,
literally study after study indicating that our current air standards
are not adequately protecting the public’s health and that they
should be strengthened.

After a thorough review of this evidence, the conclusion of the
independent panel is that the most recent scientific information
provides sufficient evidence that serious health effects are occur-
ring in children, the elderly and other sensitive populations at par-
ticulate matter in ozone concentrations at, and below, existing
standards. Clearly, the science calls for action—action to protect
millions of Americans and especially millions of our children from
harmful air pollution.

In a most compelling way, the science leads us to the new
stronger standards that EPA proposes for smog and soot. For smog
we propose to change the standards from .12 parts per million of
ozone measured over 1 hour to a standard of .08 parts per million
measured over 8 hours. In effect, the .12 1-hour standard is rough-
ly equivalent to .09 when measured over 8 hours. Thus, to provide
the needed measure of public health protection that the science and
the law calls for, we propose to change the concentration from .09
to .08.

As the chart to my left indicates, Mr. Chairman, this new ozone
standard, if adopted, would protect nearly 50 million more Ameri-
cans from the adverse health effects of smog——

Senator CHAFEE. Madam Administrator, when you refer to the
chart, I wonder if you could have someone point to the significant—
first of all, I find it hard to read that chart; and, second, if some-
body could point to something significant that you are dealing with
that pertains to your testimony, that would be helpful, at least it
would be helpful for me.
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Administrator BROWNER. I apologize. What the chart shows—to
put it out as simply as we can—the first column are the numbers
of people protected under the current standard, the .12, which is
roughly equivalent to a .09 at 8 hours. The other column, the sec-
ond column, shows you under the proposed standard, which we
now invite public comment on, the number of people who would be
protected.

Senator CHAFEE. That’s the column to the right, way over to the
right?

Administrator BROWNER. Way over to the right, exactly.

Senator BAaucus. Could you read those so that everybody knows
what the numbers are?

Senator BoXER. Could you tell us what the difference is in total
of the number of people—more people that would be protected with
the proposed standard because we can’t see the numbers?

Administrator BROWNER. Oh, I apologize. It is—under the pro-
posed .08 8-hours the protections speak to 122 million Americans,
and what that is is a combination of the numbers that have been
broken out—the number of children protected, which is 33 mil-
lion—again, this is just on ozone; this is just on smog, not on the
fine particles—the asthmatics protected, the people with res-
piratory diseases protected and then a total number of Americans
who would be protected.

Senator BOXER. What is the difference from the current

Administrator BROWNER. A difference of 48 million Americans.

Senator BOXER. Thank you.

Administrator BROWNER. If I might, Mr. Chairman, continue.

In setting the standards and proposing the standards, the law re-
quires us to provide what is called an adequate margin of safety.
Certainly, there is no more appropriate application of that require-
ment than to ensure that our children simply by playing outdoors
are not doing irreversible damage to their health. I think it is im-
portant to remember that children are among the most vulnerable
to polluted air. They breathe in 50 percent more air per pound of
body weight than do adults. They’re small; their bodies are dif-
ferent. They are growing, and they react differently to pollutants.
Many children spend a great deal of time outdoors during the sum-
mer when ground level ozone is at its most severe.

For PM, for the particulate matter, we would maintain our cur-
rent standard on the larger or coarser particles, and we would pro-
pose a new standard on smaller particles, those at or below 2.5 mi-
crometers in diameter. That is what the current, best available
science has determined is damaging to human health.

Again, the law requires us to provide an adequate margin of
safety in protecting the public’s health.

Now, hopefully, you can see this next chart. That is bigger.

Senator CHAFEE. That’s progress. I would get your chart makers
in the future to use the full chart.

Administrator BROWNER. When you strengthen the PM standard
in the way that the EPA proposes, you can see this chart displays
what happens. Each year 20,000 fewer premature deaths, 250,000
fewer cases of aggravated asthma, 250,000 fewer incidents of acute
respiratory problems, and in children 60,000 fewer cases of bron-
chitis, 9,000 fewer hospital admissions. Taken together, these pro-
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posed standards for smog and soot would increase the total number
of Americans protected to 133,000 million, including 40 million
children.

Mr. Chairman, let me just say—and I know you recognize this—
it is a tough issue. It is certainly one of the toughest I have faced
in my 4 years at the EPA, but I do believe that the American peo-
ple want us to follow the law. It is a law that has served us well
for 25 years. They want us to protect the public health and do so
with the latest, best available science.

The best current, peer reviewed, fully debated scientific conclu-
sions are that too many Americans are not being protected by the
current standards for these pollutants. Based on all we have seen
to date, we believe there is quite literally no other alternative but
to propose to strengthen the public health standards.

That doesn’t mean there is no role for the practicality of attain-
ing these standards. There is such a role, and it is appropriate
when we move to the implementation phase of the law. We are now
in the public health phase of the Clean Air Act.

In that case, as we look at industry-by-industry, state-by-state,
community-by-community how best to reduce the harmful levels of
pollution, it is certainly appropriate to consider cost, and I want to
assure you that if these new standards are adopted, the EPA will
work with all who are affected—State governments, local govern-
ments, community leaders, businesses, large and small, to find the
common sense, cost-effective strategies.

For my part, I have written to all 50 of the Nation’s Governors
encouraging them to participate in the current standard-setting
process, and should the revised standards be adopted, inviting
them to work with the EPA on finding the solutions, on finding the
ways to meet the public health standards.

I believe this Nation, and particularly its industries, can rise to
the challenge. You, yourself, Mr. Chairman, cited our experience
with chlorofluorocarbons. That is a great example of the industry
doing far more than they ever thought they could do on the front
end, of this country setting a bold public health goal and industry
rising to the challenge. That is a story often told in the history of
the Clean Air Act. We have done it, and we can do it again.

I am also aware that these proposed standards are controversial
and that not everyone is happy with them. I would remind this
committee, as I am sure you all know, that we are still in a period
of public comment. We take seriously our obligation to carefully
consider all of the comments before we make a final decision.

Finally, let me express my concern about the direction of the
public debate. This is a vital issue of tremendous importance to
millions of Americans, families and community after community. It
is not about backyard barbecues or lawn mowers. It is not, as was
heard on the radio this morning, about banning fireworks on the
4th of July.

Mr. Chairman, this is about whether our children will be able to
go outside on the 4th of July and enjoy those fireworks. It is about
finding ways in which we can all work together to ensure that the
air we breathe is healthy, and that our standards protect the great-
est possible number of Americans.
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Over the history of the Clean Air Act, the goal is, and has always
been, quite simply clean air—nothing in that has ever changed.
What has changed is science, which is forever bringing advance-
ments and innovations to improve the quality of our lives. Science
now tells us that our air pollution standards are not adequate to
protect our health.

Let us listen to the science, let us respond as we have before, let
us work together toward common ground to improve the quality of
air and to protect the health of our citizens. Let us do it for our
children.

Thank you.

Senator CHAFEE. Thank you very much, Madam Administrator.

I would like to direct my first question to particulates, and it
seems to me from the testimony we had the other day that this is
an area where there are significant savings. I think in the prior—
while you have here 20,000, I guess, I think the Lung Association
says something like 60,000. I thought the EPA had come up with
something like 40,000.

Administrator BROWNER. If I might explain, Mr. Chairman, the
health estimates in terms of the number of premature deaths range
from 40,000 to 60,000. The acid rain program, which the EPA, as
you mentioned, is in the process of successfully implementing, will
speak to some of the problems, the health problems, in this cat-
egory so that the protections are in fact 40,000 premature deaths—
20,000 because of this proposal, 20,000 because of the work that
we’re doing under acid rain.

Senator CHAFEE. Well, whatever it is, it is significant, certainly
far greater than it seems we’ve been promised under what you're
dealing with in the ozone, and you are familiar with that New York
City chart that came actually from the scientists that were here
the other day where they talk of in New York City, under the pro-
posed regulations, the number of hospital admissions for asthma
attacks would be 28,000 and would be reduced by something like
160 admissions.

But the point I'm making is it seems to me where we can really
get a lot more for our investment is in the particulates, but we
had—the scientists, both the chairman and the former chairman of
the Advisory Board, both said that 5 years more science was re-
quired for them to determine exactly which particulates to deal
with, and that during that time the monitoring stations would be
built, and they would feel far more comfortable, and indeed they
recommended—they said five more years.

Now what do you say about that?

Administrator BROWNER. Mr. Chairman, you raise, I think, a
number of very important questions.

First, I would like to speak to the chart you referenced about
hospital admissions. That is in fact a chart that is in EPA docu-
ments and has been made public over a long period of time. What
is important to understand about hospital admissions is they are
just the tip of the iceberg. They are one way, one measurement of
the public health effect. You don’t merely seek in proposing to
strengthen standards to deal with hospital admissions. As this
chart shows, for every hospital admission, there is in fact five-plus
emergency or out-patient visits to the hospital. There are 20-plus
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doctor visits, there are 100-plus asthma attacks. That is the protec-
tions that you seek to provide. It is not, I think, appropriate to
merely look at the tip of the iceberg. That is one fact that has to
be looked at. You should look at all the facts.

Senator CHAFEE. Yes, but you use a base. You use something as
a base, and what you’ve used is a base in your own testimony, and
the chart you submitted was hospital admissions, and you can
work out a ratio there. In other words, here I am just quoting your
own figures—“under the proposal, there would be 28,205 admis-
sions a year in the New York City area and that would be reduced
by 120.”

Now, presumably, the same percentages would apply right down
to non-hospital admissions and attacks, but my real point is here
from your own testimony youre really making savings or prolong-
ing life, whether it is 40,000, or 60,000—I guess you say the figure
you’re using is 40,000—and that is a big figure.

But, getting back to my—the two leading scientists who were
here before us, the chairman and the former chairman of CASAC,
said “we need more study on this.”

Administrator BROWNER. Can I explain something about the
science here because I think this is extremely important?

First of all, CASAC in their letter of closure to the Agency said,
and we can give you a quote, that “an adequate basis for regulatory
action does exist.” They said that. All the scientific community, I
think, would agree that further scientific understanding of the how
is important, but that doesn’t change the scientific recognition of
cause and effect, and let me be more specific here. What the
science shows is when 2.5 reaches certain levels in outdoor air hos-
pital admissions go up, respiratory illnesses go up, deaths go up.
You have a cause and you have an effect.

Now the science is still looking at the how, what happens, what
exactly happens, but the effect is very clear. 2.5 reaches certain
levels, people become ill, and unfortunately some number, a large
number of people die. This is not dissimilar to the discussion over
the last 20-plus years in this country when it came to smoking and
lung cancer. We knew and the science showed us very early on that
if people smoked, there was a high likelihood they would get lung
cancer—that we knew. We couldn’t tell—today we can’t even tell
you every single scientific step in the process, physiological and epi-
demiological step in the process. It doesn’t change the fact that
when you measure 2.5 in the air, people become sick, and I don’t
think it changes the need for action that you cannot explicitly spell
out the how. You have a cause, you have an effect. That is what
the law envisions, and that is what we seek to protect against,
which is that effect—those premature deaths, those aggravated
asthmas, those respiratory illnesses.

Senator CHAFEE. Thank you very much. My time is up.

Senator Baucus.

Senator BAucus. Thank you, Mr. Chairman.

Secretary Browner, the CASAC Committee said that the accept-
able range for new standards in the ozone is between 70 and 90
parts per billion, and essentially it is a policy call as to what the
new standards should be.
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My question to you is what factors determine your policy call, not
only with health effects, but obviously you have to look down the
road and think about costs, think about practicality, even though
technically States with their State implementation plans the more
directly affect the cost side of this?

What were the considerations that led you to come to this policy
decision, the policy recommendation, of what the ozone standard
should be, and how did you reach it? What did you weigh and what
was your final decision? How did you reach that decision? We know
what your decision was but how did you reach it?

Administrator BROWNER. Quite simply, the science, the number
of people affected, the number of people that would be protected
and the requirement in the law that we set a standard with an
adequate margin of safety.

What the science shows is far too many people are suffering ad-
verse health effects under the current standards. I think it is im-
portant to understand that CASAC is made up, as I said earlier,
and I think as you all know, of a variety of experts. Dr. Wolff is
an industry representative. The medical health experts on CASAC,
of which there were four on the ozone panel—there are atmos-
pheric experts, there are other types of experts—but there were
four health experts. Three of the four health experts said .08. The
final health expert, the fourth one said .08 to .09.

So it was the science, it was the people affected, the health ef-
fects they experienced and the medical experts—those people who
have committed their lives to studying the human health side of
this saying .08.

Senator BAUCUS. Did you look at anything beside the health pol-
icy, anything else? Did you look only at the science, what those
health scientists said, anything beside health?

Administrator BROWNER. We are driven by the science in this
case. That is what the law requires and that is what we did.

We did do a cost-benefit analysis. The law is very clear. The in-
terpretations of the law over the last 25 years are very clear. This
is a public health decision. It is not a cost-benefit decision. So we
make our proposal based on the science, the health effects, the
medical experts and the law.

Senator BAUCUS. But, obviously, the more people that need more
protection the higher the standard. So if you were looking only at
health effects, you would have a tighter standard.

Administrator BROWNER. There are—obviously, those who have
suggested that you could go to .07, you could go to .06. Where the
science takes us is to .08, and that is why we propose it. When you
look at—and CASAC did discuss a full range, as you said yourself,
and the medical health experts, after that discussion, three out of
four said .08, and that, for me, was very, very compelling science.

Senator BAucus. If you look at a curve, the number of people
protected moved from, say, 9.9—.09 to .08 is significant, but when
you move from .08 to .07, the number, the proportionate number
of people protected falls off significantly.

Administrator BROWNER. I mean, there are changes in the num-
ber of people you are protecting. The scientific uncertainty as you
get down to the extreme become greater.
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Senator BAucus. Is that one reason why you came up with .08?
That is my question.

Administrator BROWNER. The science takes us to .08, exactly, as
you said.

Senator BAUCUS. OK, my second question deals with the Regu-
latory Flexibility Act. As you know, the law that Congress passed
recently says that agencies must do a regulatory flexibility analysis
of major regulations, and the EPA has concluded that this is not
a major regulation for the purposes of the Act—namely, that, first
of all, it’s the States that implement this, which is a bit legalistic
in my judgment, and, second, there is a problem historically be-
cause the EPA does not do an analysis of State implementation
plans anyway once they come back.

As you know, several Senators have written you letters and are
quite concerned about this—that is, the position of the EPA. It
seems a bit legalistic, and, as I understand it, the EPA has revised
its view on how it’s going to approach this under the Regulatory
Flexibility Act.

Could you tell us where you are with respect to that Act’s provi-
sions and this proposed regulation?

Administrator BROWNER. The Small Business Regulatory Flexi-
bility Act, we believe that we are complying with the intent of that
law. What that law requires is really two things—one is to work
with the small business community, and we are doing that. We are
working through the Small Business Administration to bring in
small businesses, to meet with them, to look at how when you
move to an implementation phase—again, we’re on a public health
phase, but when you move to an implementation phase to begin to
build that dialog, to begin to build that relationship so that we can
find the cost-effective solutions.

Senator BAucUS. I guess it’s important at some phase in this
analysis that you look at the affect on small business.

Administrator BROWNER. We have, and, in fact, in the cost-bene-
fit analysis we do speak to that, and we are, as I said, working
with the SBA and small businesses to ensure that they are part of
the very important dialog that would be necessary for any imple-
mentation.

hSenator Baucus. We will be watching that, and I appreciate
that.

Thank you.

Senator CHAFEE. Senator Inhofe.

Senator INHOFE. Thank you, Mr. Chairman.

Well, let me go back to what we were talking about before and
touch on a couple of things that Senator Baucus was trying to pen-
etrate there.

Drs. Wolff and Lippmann a week ago today—let me go ahead
and read the quotes of Dr. Lippmann. He said,

Five years to answer many of these questions. I'm sure there will be some that
will have further questions 5 years down the road, but 5 years is the minimum time
to have a considered, well-designed, well-executed program of lab work in epidemio-
logical studies. It takes a long time to do it, a long time to analyze it. It takes a

long time to go through peer review work. I would say that 5 years is a good time-
frame.

Then Dr. Wolff, who is the chairman of CASAC, said,
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Based on our experience with peer review, I think we can frame the questions
that need to be addressed in the near term, but, unfortunately, we don’t have very
many measurements of PM,s right now. We’re going to need those measurements
so that we can answer those questions.

Senator BAucus. Is your microphone on? I'm sorry.

Senator INHOFE. Again, he concludes, Dr. Wolff, “My own per-
sonal feeling is that we’re talking about a 5-year timeframe to find
answers to these questions.” Now I also have found, Administrator
Browner, in reading statements—I guess it was a deposition in the
law that we have been quoted so often—you said,

The schedule developed by the EPA is based on the Agency’s detailed consider-
ation of each task necessary to review, and, if appropriate, revise the criteria and
the national ambient air quality standards for particulate matter and a rigorous as-
sessment of the minimum amount of time needed to accomplish these tasks. The
EPA schedule provides for notice of proposed rulemaking by September 1, 1997, and
final action to be December 1, 1998. Any shorter timetable would require the EPA
to reach conclusions on critical scientific and policy issues with enormous con-
sequences for society before it has had adequate opportunity to collect and evaluate
the pertinent scientific data. In short, it would force the Agency to take procedural
or analytical shortcuts that could jeopardize the EPA’s ability to make scientifically
sound and legally defensible decisions in the current review.

And just the other day when you were requesting $26.4 million
during the budget process, which I guess was in the President’s
budget, you said,

To reduce a great uncertainty about PM’s health effects, the EPA will continue

its efforts to identify the mechanisms by which particles affect human health. It will
launch research into these areas.

Now are you weighing the relationship effects and PM exposure;
two, determining the amount and size of particles inhaled and re-
tained in your lungs; and, three, investigating biological mecha-
nisms by which PM concentrations in outdoor air may induce
health effects, and, in doing so, evaluating potential links between
PM exposure and health effects?

Now, during the last committee meeting, we talked about that—
the fact that you have to have either a reasonable, statistical con-
n}elzction or the biological mechanism, and in this case you have nei-
ther.

Let me finish here, first. It is my understanding—I asked them
to give it to me but they didn’t have it—but it is my understanding
also that the Flexibility Act to which Senator Baucus refers re-
quires you to—and it refers to small entities, which is individuals,
as well as businesses—to advise them of the consequences of pro-
posed changes in rulemaking. So, I have felt—and, Ms. Nichols, I
have read your very complicated 3-page letter and have concluded
that I didn’t agree with your conclusions.

[Laughter.]

Administrator BROWNER. Senator, you raise a number of points,
and I will try and respond to all of them.

The first document I think you are quoting from is a document
that was filed in a legal proceeding more than 3 or 4 years ago—
I'm not sure—and if you actually have the date, that might be
helpful.

Senator INHOFE. Yes, it is proceeding before the court in 1994.

Administrator BROWNER. Right, and at that point, just to refresh
everyone’s memory, there was litigation file by the American Lung
Association because of their frustration that, unfortunately, the
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EPA had not been able to complete the requirements of the Clean
Air Act to do a 5-year review. They went to court and they said
to a judge, “Force them to do this.” It is something that I agreed
that we should do, and then we, working with the judge, working
with CASAC, laid out a schedule that everyone has agreed to, and
we have been adhering to that schedule. Those pleadings were filed
before an agreement was reached on a schedule, and they were
filed 4 years ago, and I think that is important to keep in mind
here. They are not pleadings filed in the last 1, or 2, or 3 weeks.
They were filed several years ago.

Senator INHOFE. But you said final action by December 1, 1998.
Any shorter timetable would require the EPA to reach conclusions
on critical scientific and policy issues without the scientific data.

Administrator BROWNER. As is often the case in litigation, par-
ties make their arguments. You reach a resolution and then you
abide by the judge’s order. That is what we are doing here. In no
way does our desire to abide by a Federal judge’s order suggest
that we have not done the kind of detailed analysis envisioned by
the Clean Air Act or that CASAC did not do their job.

CASAC gave us their letter of closure. They were very clear in
terms of 19 of the 20 member said that we needed to set a 2.5, that
we needed to focus our energies on 2.5, which I think is the second
issue that you raised, this sense, again, that somehow or another
there is a lack of science. This argument of the science has been
around now for several months, and if I might just take a moment
to explain the science, Mr. Chairman, that we have on 2.5. I think
that could be very helpful to the committee. I know that the Sen-
ator’s time is up, but I think this is an important question that we
keep coming to the edge of, and if I might have a few minutes to
actually explain the body of science that exists——

Senator INHOFE. That is up to the chairman, but if you come to
the conclusion that adequate scientific data is there, that con-
tradicts what was stated by both Dr. Lippmann and Dr. Wolff.

Administrator BROWNER. I have to beg to differ here, if I might.

Senator CHAFEE. We've got a big crowd here today, and we want
to keep everybody to their time.

Administrator BROWNER. There are studies of literally hundreds
of thousands of Americans. There are studies in more than 51 cities
where the air was being measured, the amount of the fine par-
ticles, the 2.5 particles was in fact measured, and then the health
effects recorded.

For people to suggest we have no 2.5 measurements, to suggest
there are not health studies, is absolutely, positively not accurate.
There are literally health records on hundreds of thousands of
Americans, what happened to them when the air contained 2.5 at
particular levels. It is a compelling body of science, and it shows
there is a cause, 2.5, and there is an effect—hospital admissions,
premature deaths—where all of us agree the science must now
turn its attention is the how. The fact that you don’t completely un-
derstand the how should not prevent us from providing the protec-
tion, from addressing the effects. It didn’t prevent us in the case
of lead poisoning. We couldn’t tell you how children lost 1.Q. points
when we made the decision as a country to take lead out of our
gasoline. We had a cause—it was lead in gasoline; we had an ef-
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fect—it was children suffering, 1.Q. points being lost—and we made
the decision. It is only today, almost 20 years later, that we can
tell you with any precision—and there are still studies going on as
to how. The same is true here.

Senator INHOFE. A statistical association

Administrator BROWNER. It’'s not a statistical association. It is
not

Senator CHAFEE. We've got to move on.

Senator Lautenberg.

Senator BAucUs. He’s not here.

Senator CHAFEE. Senator Lieberman.

Senator LIEBERMAN. Thank you, Mr. Chairman.

My colleague from California, Senator Boxer, has to leave and I
have agreed to yield her 30 seconds.

OPENING STATEMENT OF HON. BARBARA BOXER,
U.S. SENATOR FROM THE STATE OF CALIFORNIA

Senator BOXER. Thank you, I will speak fast.

Administrator Browner, that is the best presentation that I have
ever heard on the need to continue our quest for the cleanest pos-
sible air. I am particularly taken by the numbers of particularly
the children who will be helped, and I do think that those who say,
“just stay home on bad air days,” they’re surrendering. I will not
surrender. My State has too much at stake, and I just wanted to
make it clear that as we move on, I will work with you and the
members of this committee to find out the science to move us for-
ward, and I want to thank my colleague.

[The prepared statement of Senator Boxer follows.]

STATEMENT OF HON. BARBARA BOXER, U.S. SENATOR FROM THE
STATE OF CALIFORNIA

Thank you, Mr. Chairman, for calling this important hearing today.

Enormous progress has been made in the last twenty-five years to control and re-
duce air pollution and we must stay on the course of progress.

My state of California has a great deal at stake because our air in certain areas
continues to be polluted. People feel the adverse impacts of that.

There are those who suggest that our children and adults with asthma should just
stay home on bad air days.

Staying home and not going outdoors is not a remedy. It is surrender, and I don’t
believe in surrender. We must act.

The Clean Air Act directs the Administrator to set standards at levels that in the
judgment of the Administer protect the public health with an adequate margin of
safety. That is her directive; that is her job. It is not to count votes in the Congress
and then set the standard or to take a poll and then set the standard. She must
set the standard at levels that protect the public with an adequate margin of safety.
Health must continue or to be the marker upon which standards are based. And
those standards must be based on science. Once health-based standards are set,
then costs should play an important role in implementation and timetables.

Let me just say this about the cost issue. The debate over environmental regula-
tions has continuously pitted the environment against industry, in an argument
over whether the benefits of higher environmental standards are worth the costs
they impose on our economy. I believe this is a phony debate because unfortunately
in calculating these costs we never factor in the amount of money we save with
higher environmental standards.

A recent article in The Washington Post on a study released by the World Re-
sources Institute states, “When an investment is made or to reduce pollution two
things happen: A cost is incurred, and other costs are averted. The fact that only
the incurred cost is counted in measuring productivity means that environmental
regulation lowers productivity not in reality, but by definition.”

We must keep that in mind.
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Mr. Chairman, I am going or to work aggressively or to pursue answers or to the
serious questions that have been raised about the EPA proposal and I look forward
or to working with you, Administrator Browner, as well as this committee.

Thank you.

Administrator BROWNER. Thank you.

OPENING STATEMENT OF HON. JOSEPH I. LIEBERMAN,
U.S. SENATOR FROM THE STATE OF CONNECTICUT

Senator LIEBERMAN. Thank you.

Thank you, Administrator Browner.

Since we didn’t have time for an opening statement, I'm going to
mostly talk and maybe ask you one question toward the end be-
cause I think this is critically important. I think it is very impor-
tant to restate what you have stated, which is that in promulgating
these standards, you are doing your job as we in Congress have de-
fined it. This is not some personal lark you are off on.

Administrator BROWNER. That’s true.

Senator LIEBERMAN. You have been ordered by the statute,
which was adopted by Congress to come back every 5 years and
ask what science technology, public health experience tells us
about the impact of dirty air on the health of the American people,
and you have done that because the standard adopted in this law,
as you corrected pointed out, on a bipartisan basis, starting under
President Nixon, taking a significant step forward under President
Bush—and I was in that room, in the Senate Majority Leader
Mitchell’s Office with Bill Reilly, with Boyd and Gray, with a whole
group of people from the Administration, Senator Chafee and oth-
ers, both parties; Senator Baucus, obviously, negotiating this—this
is all about health. And, as you correctly stated, the second phase
of this when you begin to implement it, is what is the practicality?
What is the cost? How do we do that?

As I said last week at the subcommittee hearing, Fairfield Coun-
ty, CT, southwestern Connecticut, has some of the dirtiest air in
America. A lot of it has to do with air blowing up from other
States. A standard that is health-based has been set for Fairfield
County, but in the interest of reasonable unfair implementation,
that county has 17 years to reach that standard. So the question
before us, I think—and what Senator Baucus has correctly de-
scribed as an early stage of the process here, and let’s not reach
premature judgment—is, is your fulfillment of the job we've given
you being done in a reasonable manner? In other words, do the
health statistics and experience show us that unless we adjust the
standard, as you say, a lot of people are going to get sick and some
are going to die earlier than they would otherwise die unless we
make this change. We can come back and decide what is appro-
priate and what’s fair in terms of implementation, but if we deter-
mine that you’ve got a scientific basis, as most of CASAC did, for
these standards that you put before us based on all those studies,
then we've got to ask ourselves, what is our obligation?

Are we going to tell the American people the truth or are we not
going to tell them the truth? Now, that is the process that we’re
involved in, and I don’t think any of us have been far enough into
it to reach a conclusion.
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I do want to say about Senator Chafee’s statement this morning,
his statement in the press this morning, and I say this respectfully
because I have enormous respect for Senator Chafee, I was very
disappointed to read those statements. “With the tighter standards,
you’re going to find to revolt against the Clean Air Act,” Senator
Chafee told reporters.

I don’t see it. There may be a revolt among the regulated indus-
tries that fear the cost of this. I understand that, and that is some-
thing we have to consider as we go forward, but a revolt among the
American people based on the fact that we’re trying to find a ra-
tional basis for protecting their health—I don’t see it. Overloading
the horse, getting the whole program in jeopardy, this is a program
that has broad support among the American people.

We were talking—I think it was Ms. Nichols and I. I did a show
with a radio talk show host—this was about 3 or 4 years ago—and
he wanted to talk about the Clean Air Act, and he said, “You know,
I am a conservative. I'm a conservative Republican, but let me tell
you this. If there is one thing my government should do for me and
my family, it is to make sure that we breathe clean air and drink
clean water,” and I think that is what this is all about.

Now, the yellow light is on. My question is let’s go to the most
unsettling of the conclusions you've reached. What is the basis for
concluding that the particulate matter standards you’re proposing
will prevent 20,000 premature deaths annually?

Administrator BROWNER. If I might put a chart up showing you
the human health effects peer reviewed, published scientific studies
that have been done. As I said before, literally hundreds of thou-
sands of people have been studied, what happens when 2.5 reaches
certain levels of concentration in the air. What it shows, what each
and every study shows are large numbers of people affected. I
mean, these studies—the base of knowledge we have on 2.5 is ex-
tremely large. You can see how many people were studied in each
of these instances——

Senator LIEBERMAN. Ms. Browner, if you could give some num-
bers because I don’t think members of the committee can read that.

Administrator BROWNER. In the one study involved approxi-
mately 2.3 million people; another study, 2.4; another study, more
than a half million. I mean, the numbers go on and on. They cover
a large number of cities, an excess of 51 cities are measuring 2.5,
and what it shows you are extreme effects—deaths, premature
deaths, respiratory illness, aggravated asthma. The standard that
we proposed in keeping with the requirements of the law are de-
signed to guard against and to prevent those premature deaths.
Because it is death, because it is so severe, we do it with a margin
of safety, as the law directs us to.

If I might, Senator, just take a moment to go back to a point you
made in your comments. I think inherent in all of our environ-
mental statutes is the public’s right to know, which is something
I have worked very hard to honor over the last 4 years. Most par-
ticularly I think the Clean Air Act spoke to the public’s right to
know when it ordered a 5-year review. It didn’t want—I think the
Congress didn’t want, three Presidents who all signed this provi-
sion, didn’t want a situation of the American public not knowing
the quality of their air. So not only do we do this because it is
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where the science takes us, we do it because we believe the public
has an absolute right to know. Moreover, as I think you pointed
out, there is no rush to judgment here. This is 10 years of science.
We have been about this process in one way or another for more
than 10 years now.

Senator LIEBERMAN. Thank you.

Senator CHAFEE. I knew there was trouble ahead when Senator
Lieberman started off by saying he had the greatest respect for me.
I was braced for that shoe to drop.

[Laughter.]

Senator CHAFEE. I would point out that probably the most cost-
effective and effective step that we could take in the United States
of America to deal with dirty air is to have inspection and mainte-
nance of our vehicles, and we had that in the law. When we talk
about revolt, there is the perfect example. State after State, includ-
ing California, repealed statutes they passed dealing with inspec-
tion and maintenance. So did my State of Rhode Island. I think
Connecticut—somebody told me that Connecticut and Oregon were
the only two that didn’t repeal it, and they went through with their
inspection and maintenance.

But there is the perfect example of what my concern is, and it
isn’t something to be taken lightly. Everything in the Clean Air Act
is written in concrete, it’s going to stay there forever—not at all.
If you press this thing too far too fast, there are going to be steps
taken by the American public, as we saw in that inspection and
maintenance, which was very sad to see take place.

Administrator BROWNER. Mr. Chairman——

Senator CHAFEE. We've got a tremendous—we’ve got a big group
here, and if you want.

Senator LIEBERMAN. Let her make this one comment.

Administrator BROWNER. One minute, thank you, Mr. Chairman.

Just briefly, when I came to the EPA, I recognized that you
couldn’t apply a one-size-fits-all solution to local air pollution prob-
lems, that you had to work in partnerships with States and local
government to find what made the most sense for them, and we de-
veloped a long menu of options that Governors, mayors, commu-
nities can choose to reduce their air pollution.

It is true—if you do a simple cost-benefit analysis, getting your
car inspected will turn out to be the cheapest way to clean up the
air. That is true. That is what a cost-benefit analysis will tell you—
$500 a ton as opposed to something on the order of $2,000 to
$10,000 a ton for any other solution out there today.

But we recognize for some communities, quite frankly, they
wanted to make a different choice, and we provided the flexibility
to design the programs. I think it is important to understand when
given the flexibility, many communities did choose to have auto-
mobiles inspected. They did choose to say to their citizens, “help us,
spend 20 minutes every other year, maintain your car, get it in-
spected,” and in fact—I don’t like to disagree with you, Mr. Chair-
man. I have the utmost respect

Senator CHAFEE. Oh, here we go again. I think I'm going to cut
you off.

[Laughter.]
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Administrator BROWNER. But California does have a tailpipe in-
spection program, with all due respect, and I think Connecticut
also has such a program in place.

Senator CHAFEE. I said Connecticut did—Connecticut and Or-
egon.

Administrator BROWNER. I apologize.

Senator CHAFEE. Senator Kempthorne.

Senator KEMPTHORNE. Mr. Chairman, thank you very much.

Senator REID. Senator Kempthorne, would you yield just for 15
seconds?

Senator KEMPTHORNE. Senator Reid, do you have the utmost re-
spect for me?

[Laughter.]

Senator REID. I'm sorry. Thank you very much, Senator
Kempthorne.

Mr. Chairman, I have been called to a Capitol meeting, and I ask
unanimous consent that my full statement, together with a series
of questions, be allowed to be inserted in the record and that the
Administrator would answer those at her convenience.

Administrator BROWNER. Certainly.

Senator CHAFEE. Fine, and there will perhaps be other questions
submitted.

Thank you for coming, Senator Reid.

[The prepared statement of Senator Reid follows:]

STATEMENT OF HON. HARRY REID, U.S. SENATOR FROM THE
STATE OF NEVADA

Thank you, Mr. Chairman. I appreciate you scheduling today’s hearing on EPA’s
proposed regulations on ozone and fine particles. This issue has received a great
deal of public attention and I believe it is very important that we examine very
closely the arguments both for and against this proposal.

The Clean Air Act is a cornerstone of this nation’s environmental protection pro-
gram and one of the crowning achievements of this committee. Like most members,
I am pleased that while our nation’s population has grown, our air, in most in-
stances, has started to get cleaner. Nationwide, air pollution from carbon monoxide,
lead, particulates, and sulfur dioxide are down significantly.

In my home state of Nevada, home to the fastest growing city in the United
States, Las Vegas, the maximum levels of carbon monoxide have fallen 35 percent
in the last 10 years. So-called unhealthy days have fallen from more than 50 per
year to less than 10.

Does this mean the air in Las Vegas is perfect. No. Far from it.

What it means is that we are making progress.

That progress is a direct result of previous Congresses and the EPA showing lead-
ership when faced with a lack of absolute scientific certainty.

We are faced with a similar lack of certainty today. However, it is important that
EPA and the scientific community clearly demonstrate that these new standards are
justified. The processes we have in place to set national air pollution control policy
has served this nation very well. It can be a long and difficult process, but it is one
that has allowed is to make real progress during the last 27 years. Today’s hearing
is an attempt to make sure that the next steps proposed by EPA are ones that will
net us continued progress.

With that said, Ms. Browner, I join with my colleagues in welcoming you here
today. Before getting to the big question of the day, I have one small item to discuss.
My state’s Governor, Bob Miller, is currently chairman of the National Governor’s
Association. In that capacity, he wrote to you recently requesting that you extend
the comment period on these regulations to allow all of the states and municipalities
adequate time to review and comment on the regulations.

I thank you for asking the court for just such an extension last week. I under-
stand they have granted a three-week extension of both the comment period and
the final promulgation date for the particulate matter rule. I am sure the extra time
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will help the folks we are expecting to help us implement these rules understand
them a little better. Again, thank you.

Ms. Browner, although all of us sitting up here are going to ask it a slightly dif-
ferent way, it seems to me that the bottom line reads: “Is what you are doing nec-
essary to protect public health with an adequate amount of safety?”

We have heard a great deal in recent weeks about the role of the Clean Air Sci-
entific Advisory Committee and what they did and did not say. We have also heard
many conflicting views about where science stops and where policy decisions start.

It is my hope that you will be able to shed some light on these issues.

Additionally, I am a Westerner. I also represent the fastest growing state in what
is perhaps the fastest growing region in the nation. We are often concerned that the
federal government, in setting national policies, adopts a one-size-fits-all approach
that does suit the needs of the states, localities, and people living in the West. In
your remarks, or as a follow-up, I would like for you to address how, if at all, you
have incorporated the unique concerns of Western states into your proposal.

I think I speak for the whole committee when I say that, when all is said and
done, we are hoping to see strong factual and scientific conclusions leading to rea-
sonable policy judgments by you and the rest of the professionals at EPA we have
charged with making just these sorts of hard decisions. Thank you, Mr. Chairman.

Senator CHAFEE. All right, Senator Kempthorne.

OPENING STATEMENT OF HON. DIRK KEMPTHORNE,
U.S. SENATOR FROM THE STATE OF IDAHO

Senator KEMPTHORNE. Mr. Chairman, thank you very much.

Madam Administrator, I would hope that the EPA will re-evalu-
ate the economic impacts of the proposed standards under both the
Unfunded Mandates Act and the Small Business Regulatory En-
forcement Fairness Act.

While the Clean Air Act requires standards to be set without re-
gard to cost, it does not prohibit the EPA from identifying and as-
sessing the real life impacts of the proposed regulation. Both the
Unfunded Mandates Act and the Small Business Regulatory En-
forcement Fairness Act are based on the principle that the public
has a right to know, which I am delighted to see you’re a staunch
advocate of. A regulating agency should know as well the costs of
regulation, even when those costs are not specifically factored into
the regulation itself.

The EPA should undertake an analysis of those costs under the
unfunded mandates law, after all because that is good responsible
government.

My question is will you do so?

Administrator BROWNER. We agree with you, and in fact we have
done a cost-benefit analysis on these proposals. As you point out,
the statute requires us to make a public health decision, not a cost-
benefit decision. But because I believe, as do you, that it is an im-
portant part of the debate, an important part of the discussion, we
did in fact conduct and made available to the public a cost-benefit
analysis. I think something on the order of 2,400 copies of this
analysis, which is quite long, have been requested and delivered to
members of the public. It is on the Internet and anyone can access
it.

I think the question perhaps that you raise is the question of un-
funded mandates and what the law actually requires in terms of
cost effectiveness termination unless the law prohibits, and, as I
think the courts have rightfully interpreted, the section of the
Clean Air Act that speaks to public health, it is a public health de-
cision and not a cost-benefit decision. We did do the study, and it
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is publicly available. I think it is extremely important to under-
stand that when you conclude the public health phase and begin
the implementation phase, cost benefit is front and center. You use
cost benefit to make judgments in terms of should it be this indus-
try that reduces their pollution or another industry. What is the
cost?

The final thing, if I might, Senator, just point out is that this
issue of cost and benefits under the Clean Air Act has been an
issue for many, many, many, many years, and every single time
the Congress, every single time the EPA joining with the Congress
has sought to tighten the public health standards under the Clean
Air Act, we have heard from some in the industry that the cost
would be prohibited. The facts are actually different. In each and
every instance the cost of reducing pollution under the Clean Air
Act has proven to be far less than anyone suggested on the front
end, and the benefits far greater.

We have a study right now under peer review that shows the
benefits under the Clean Air Act for a 20-year period 45 times
greater than the cost. There is a good history here of industry ris-
ing to the occasion.

Senator KEMPTHORNE. OK, and I appreciate very much that
you're doing the cost-benefit analysis. As you know, that was a crit-
ical part of the Safe Drinking Water Act, and we worked on that
together.

My question, in addition to the cost benefit though is, have you
determined the costs to the States and the local communities that
must implement these new standards?

Administrator BROWNER. You're asking me a question in terms
of what it cost then to write a plan? Is that the question you’re ask-
ing? I apologize

Senator KEMPTHORNE. Whatever the requirements are that you
would place on to the governments, what is the cost for them to
implement?

Administrator BROWNER. We are looking at the cost. I think
what you’re asking is there is—obviously, what States do is they
develop a plan to reduce pollution, to meet a public health stand-
ard. The actual number of staff people involved, the work they do,
is a cost we are now looking at with the States, and it will be in
the next updated cost benefit analysis. As we get more information
in during the public comment period, we do, obviously, revisit these
documents and make improvements, and we are doing that.

Senator KEMPTHORNE. And too I would like to visit those docu-
ments too.

Administrator BROWNER. OK.

Senator KEMPTHORNE. So would you make available then what
is the cost to States and local governments to implement monitor-
ing devices, etcetera, so that we know what is the cost, and also
what is the cost to business? It follows the concept of the Unfunded
Mandates Act, which has been now made the law of the land.

Administrator BROWNER. Right, we agree. What we could do this
afternoon is deliver to your office the cost-benefit analysis as it now
stands. Again, this is available on the Internet to the American
people. Many people have accessed it, and then as we conclude the
public comment period and make improvements based on new
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knowledge we have received, we will also make that available to
the committee.

Senator KEMPTHORNE. OK, my time is up, but just so that we
have an understanding, the cost benefit is one report; the actual
cost, another report.

Administrator BROWNER. The way I think we are approaching
this, and we can talk to your staff about it just to make sure we
have an understanding, is that we are I think developing one docu-
ment that speaks to all of the issues, but we’ll work with your staff.

Senator KEMPTHORNE. All right, thank you very much.

[The prepared statement of Senator Kempthorne follows:]

STATEMENT OF HON. DIRK KEMPTHORNE, U.S. SENATOR FROM THE STATE OF IDAHO

I want to thank you, Mr. Chairman, and the chairman of the Clean Air Sub-
committee, for holding this hearing on EPA’s proposed new air quality standards
for ozone and particulate matter, for surely there is no more important issue to all
of us than breathing clean and healthy air.

It seems self-evident, but I believe that it is a point worth emphasizing—All of
us here today, Republican and Democrat alike, are committed to protecting our envi-
ronment, our air, our water and our natural resources. This is not, and should not
be a partisan issue.

No one wants to see children suffer from asthma or miss school because of pollu-
tion in the air. No one wants to see tens of thousands of Americans die prematurely
because of air pollution. So, should we have the most stringent air quality standards
necessary to protect public health? Of course.

But, in Administrator Browner’s own words, our air quality standards must be
based on “the very best science to do what is necessary to protect public health in
common-sense, cost-effective ways.” That is a goal that we certainly all share.

After reviewing EPA’s proposed standards, however, I am concerned that we don’t
yet have “the very best science” to ensure that the standards will address the real
health risks, if any, that may be posed by ozone and very fine particulate matter.
It is troubling that only two of the ten members of the independent scientific review
committee, CASAC supported EPA’s proposed standard for ozone. It is equally trou-
bling when the CASAC panel also could not reach a consensus on what standard
would be appropriate for PM,s because there were “many unanswered questions
and uncertainties regarding the issue of causality.”

And yet, EPA appears prepared to proceed to finalize new standards on an expe-
dited schedule, not because it has the “very best science,” or clear evidence of sig-
(Iiliﬁ((:iallpt health benefits to be gained, but because of a lawsuit and a court-ordered

eadline.

At the very least, it seems that EPA’s action is premature. While I recognize that
under the current law, EPA is required to set air quality standards at a level that
will ensure public health protection with an adequate margin of safety, without re-
gard to cost, the record here suggests that EPA does not have the scientific informa-
tion that is necessary to ensure that its standards will, in fact, ensure public health
protection. For example, CASAC’s review of EPA’s proposed standard for PM; s dem-
onstrates that we need better science on very fine particulate matter and specifically
which small particulates cause health problems. Without better scientific knowl-
edge, we could find ourselves in the position of forcing communities and businesses
to spend hundreds of millions and even billions of dollars without ever addressing
the real health threats. Similarly, CASAC’s failure to support EPA’s proposed ozone
standard suggests that the scientific basis for lowering the ozone standard is at best
questionable.

These new standards, if finalized, will impose substantial new costs and burdens
on states and local governments, communities, small and large businesses, and even
individual citizens. Before the Agency rushes to finalize any new standards, I be-
lieve that it must address concerns that have been raised regarding whether there
is sufficient science to proceed with these rulemakings at this point, or whether fur-
ther studies are needed to ensure that the goals of the Clean Air Act are met.

I would hope that EPA will also reevaluate the economic impacts of its proposed
standards under both the Unfunded Mandates Act and the Small Business Regu-
latory Enforcement Fairness Act. While the Clean Air Act requires standards to be
set without regard to cost, it does not prohibit EPA from identifying and assessing
the real-life impacts of a proposed regulation. Both the Unfunded Mandates Act and
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the Small Business Regulatory Enforcement Fairness Act are based on the principle
that the public has a right to know, and a regulating agency should know, the costs
of regulation, even when those costs are not specifically factored into the regulation
itself. EPA should undertake an analysis of those costs under the Unfunded Man-
dates law; after all, that’s just good, responsible government.

I look forward to hearing Administrator Browner’s testimony this morning and I
hope that she will address these issues.

Senator CHAFEE. Senator Allard.

Just so that everybody will know where they stand on the early
bird, next we’ll be followed by Senator Wyden, Senator Sessions,
Senator Smith, Senator Boxer, and Senator Thomas.

[The prepared statement of Senator Thomas follows:]

STATEMENT OF HON. CRAIG THOMAS, U.S. SENATOR FROM THE STATE OF WYOMING

Thank you, Mr. Chairman, for holding this hearing to continue our discussion of
the EPA’s proposed rule for Particulate Matter (PM) and Ozone. I certainly agree
with you that what we are considering today is quite possibly the largest, most im-
portant regulatory action undertaken since the creation of the Clean Air Act. It is
a pleasure to have EPA Administrator Carol Browner with us and I look forward
to her comments and testimony.

If there was one consensus reached in last week’s hearing on the science behind
these proposed regulations, it’s that there is no consensus. Dr. George Wolff, the
current chairman of the EPA’s Clean Air Scientific Advisory Committee (CASAC),
stated that the court-ordered deadline did not allow enough time for members of the
panel to adequately examine this complex issue. Dr. Morton Lippmann, Professor
of Environmental Medicine at New York University Medical Center and, former
CASAC chairman, also stated that more time is needed to conduct additional re-
search. At one point, both scientists were bickering back and forth about what “was”
and what “was not” agreed to by the panel of scientists.

In the Clinton Administration’s budget request for Fiscal Year 1998, the EPA is
seeking $26.4 million for—and I am quoting here—“research to reduce the great un-
certainly about PM’s health effects.” If we are not absolutely sure about which par-
ticles we should be regulating, should we really be seeking to impose new stand-
ards? Is there a rush to judgment? The request goes on to state that EPA “will
launch research into three areas: (1) evaluating the relationship between the health
effects and PM exposures; (2) determining the amount and size of particles inhaled
and retained in the lungs; and (3) investigating biological mechanisms by which PM
concentrations in outdoor air may induce health effects and, in doing so, evaluating
potential links between PM exposures and health effects.” I think this clearly dem-
onstrates the EPA’s need for more time and scientific research to study this con-
troversial issue.

This is not about new standards for backyard cookouts or gas powered
lawnmowers. Instead, it’s about possibly implementing a standard based on inexact
science and inconclusive evidence. If we can effectively end health risks for people
and children we should do it. But we shouldn’t step off this cliff merely because we
hope and theorize that these new standards will offer us the results we want.

CASAC stated that “our understanding of the health effects for ozone is far from
complete.” The members also documented that “there was no scientific consensus on
the level, averaging time, or form of a PM5s National Ambient Air Quality Standard
(NAAQS).” With all of this ambiguity, and a lack of scientific data—which was docu-
mented by the experts who testified last week—it seems that EPA’s decision to set
new standards for PM and ozone was a judgment call, not a result of sound sci-
entific evidence.

Mr. Chairman, it is paramount that principles of sound science are being applied.
As we all know, this is a very technical issue and we need to be confident that the
choices we are making will get to the heart of protecting public health. I am con-
cerned, however, that we are about to go down a regulatory road before we truly
know which pollutants are causing health effects.

No one is rejecting the notion that we need to continue to look for ways to im-
prove and protect public health. However, that concept needs to be balanced with
the best available, peer-reviewed science. It ends up building support for whatever
measures we take because folks will have the confidence that the sacrifices they are
making are really worth something.

Mr. Chairman, we all want to protect public health and the environment. Folks
in Wyoming enjoy clean air and take pride in living in a state where current
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NAAQS are being met. However, if these proposed regulations are implemented,
Wyoming could get caught up in a major sweep and be required to implement stand-
ards that may actually yield few health benefits. Again, I compliment the chairman
for holding this hearing and look forward to hearing from our two witnesses.

Senator CHAFEE. Senator Allard.

OPENING STATEMENT OF HON. WAYNE ALLARD, U.S. SENATOR
FROM THE STATE OF COLORADO

Senator ALLARD. Thank you, Mr. Chairman.

I would like to request that my remarks be made a part of the
record.

Senator CHAFEE. Absolutely.

[The prepared statement of Senator Allard follows:]

STATEMENT OF HON. WAYNE ALLARD, U.S. SENATOR FROM THE STATE OF COLORADO

Thank you Mr. Chairman. I'm pleased to have Administrator Browner with us
today to go over this important and complicated issue. Last week in my opening
statement I expressed the hope that we could settle the science in this area so we
could discuss the policy with Ms. Browner.

Unfortunately, that didn’t happen, and in fact, there may be more questions about
the science now than before that hearing. So today instead of discussing policy I
hope Ms. Browner is prepared to help us with the science that led her to believe
these regulations were necessary.

In particular she should be able to tell us why the CASAC panel was so divided
on the PM issue. To some it would appear that instead of taking sound science EPA
is merely taking sides. For example, last week the Clean Air Subcommittee was
treated to an exchange between two prominent scientists who serve on the CASAC
panel. This exchange basically devolved into a “yes-this-is-true-no-that-is-not-true”
debate. Unfortunately, this type of exchange could lead to a perception that science
has less to do with these regulations than ideological viewpoints. While I don’t be-
lieve that is true, I do believe we need to move very cautiously to ensure that cyni-
cism doesn’t become widespread; because if that becomes the case more people will
take the view of one individual who commented that, “It’s apparent from this regu-
lation that the EPA doesn’t want us driving our cars across the bridge to the 21st
century.”

Thank you Mr. Chairman.

Senator ALLARD. I also have some questions that I would like to
submit for Ms. Browner to respond to, if she would please.

Administrator BROWNER. Certainly.

Senator ALLARD. In the meantime, I will cover, hopefully, some
rather fundamental issues here for the committee.

You used the words,

“There would be 133 million people helped with these rules”——

Administrator BROWNER. Protected.

Senator ALLARD. Protected with these rules and regulations. The
testimony that we had earlier from your advisory council with Sen-
ator Inhofe stated that this scientific data was directed toward
those people who are suffering from some type of disease disorder.
They had asthma—you mentioned this here—they had asthma or
you talked about special risk populations, such as children, and
then you made in your statement, “There is a 133 million people
that would be helped.”

There’s 260 million people in the United States, so I'm curious
as to how you came up with 133 million.

Administrator BROWNER. Well

Senator ALLARD. If you look at your neighbor, they have asthma,
their child or—I mean, where do you come up with 133 million? I
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looked in your testimony and I didn’t see that written in your testi-
mony.

Administrator BROWNER. First of all, healthy people, non-
asthmatics, can experience and do experience, the science shows
that they experience, under certain levels of pollution adverse
health effects——

Senator ALLARD. That is correct, certain levels of pollution, but
what you talk about for ozone and for particulate matter—in the
previous panel I asked them the question, well, how about normal
people? Will these affect normal people? They didn’t think that
they did. They said that these are figures that are directed at peo-
ple that show signs of disease or have some disease

Administrator BROWNER. With all respect, many of the studies
focused on quote normal people in the real world. It looked at what
happened to the child.

Senator ALLARD. OK, well, then let me—then you mention 133
million. How come—if only half of the population is affected, how
come the other half isn’t?

Administrator BROWNER. Because, fortunately, for half of the
American people they are living in a place where the air already
meets a cleaner standard. They are fortunate to live in a place
where the levels of pollution do not exceed what the science shows
us in terms of cost and health effects.

Senator ALLARD. Well, I just have to tell you as one member of
this committee in listening to your figures, you seem to start out
with somewhat of a good scientific basis, and then all of a sudden
you begin extending your argument and all of a sudden you sort
of exaggerate your figures—that’s the impression I get—in your
presentation.

So I'm trying to size down——

Administrator BROWNER. Well, let

Senator ALLARD. Just a minute, if you would please.

Administrator BROWNER. OK, I apologize.

Senator ALLARD. I'm trying to size down what the real problem
is and where we can really make a difference.

Now, I'm thinking as a legislature, a senator from the western
part of the United States, and you have asked local governments
to implement the Clean Air Act, the clean air standards. Will local
governments have an opportunity to tell Federal agencies what
they need to do to comply with this?

Administrator BROWNER. There is a process which will, as you
move into the implementation phase, through—we have a panel we
use—and I want to get the name right—a Local Government Advi-
sory Committee. I personally meet with them regularly. We talk
about drinking water frequently, and hopefully we will talk about
it less now that we have a new law. But that will be one mecha-
nism for soliciting the input of local government, one of many.

Senator ALLARD. The input of local government, but I'm talking
about the implementation of the Clean Air Act.

Administrator BROWNER. That’s what I’'m saying, right.

Senator ALLARD. So if the Forest Service, or BLM, decides to
have a natural burn on forest that increases particulate matter,
concentration in the air, and it has an impact on the total effect
because this hangs around States like Colorado not for a week, or
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2 weeks. It will hang around for 1 to 1% months during the fire
season, and this is going to have an impact on what happens in
those communities.

So local communities somehow or another are going to tell the
Federal Government, the forest or the BLM that you can’t cause
the fire to burn because it does have an impact on our standards,
on particulate matter?

Administrator BROWNER. There are many processes already in
place and others that will be added to ensure that all of the parties
with an interest on the implementation side are part of the discus-
sions. For example, you raised other Federal agencies—an appro-
priate question. There is a process, the interagency process. In fact,
Ms. Sally Katzen is here from the White Office with authority for
managing that process. We are in dialog with other Federal agen-
cies.

Senator ALLARD. You know, you talk around it but you don’t
really answer my question.

Administrator BROWNER. What is the question?

Senator ALLARD. The fact is, the point I want to make before this
committee, is you have one agency out here—two agencies—that
are doing things that impact ambient air quality and somehow or
another they get excluded—they don’t get considered in the process
because what they are doing has an impact on local governments,
and in particular in my part of the country, the Grand Canyon Vis-
ibility Project, it has an impact, and you need to recognize that.

My time has expired. I have a red light on there, and I would
like to have more time to visit with you on these issues.

Administrator BROWNER. Senator, we do recognize the impact
that the Federal Government may have on local communities. In
fact, the Federal Government complies with drinking water stand-
ards where they operate facilities. We comply with waste water
standards, we comply with MPDES. No one is suggesting that the
Federal Government sits outside or the actions of the Federal Gov-
ernment in community after community sit outside the pollution
standards.

Senator ALLARD. Mr. Chairman, I keep getting the last—are you
an attorney? You keep working for the last word.

Administrator BROWNER. Well, with all due respect, I think I
have a right to respond.

Senator ALLARD. Well, listen

Administrator BROWNER. I don’t have the right to respond? I'm
sorry.

Senator ALLARD. You do have a right to respond, but I just want
to make sure that you give local governments and States the right
to talk about what some of these Federal policies are having on air
quality. In your response to me you talked about clean water—
we’re talking about clean air, and we’re talking about the impact
of national burn on ambient air qualities in the States in the west-
ern parts of this country, and how it’s going to affect those local
communities.

I think that the Federal Government needs to be a partner in
that. We need to do something about it, but they need to be a part-
ner in it.
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Administrator BROWNER. We agree. With all due respect, we
agree, and, in fact, as I tried to explain, we have processes in place
to ensure that that happens both at the local government level and
with the Federal agencies. If there is advice that this committee
would like to offer, or you would like to offer, in terms of other
processes, we would be more than happy to consider those.

Senator CHAFEE. On a high note, with all due respect, we agree.

Administrator BROWNER. We agree, that’s what we’re saying—we
agree.

Senator ALLARD. But you haven't——

Senator CHAFEE. All right. My father once told me never argue
with analogies.

[Laughter.]

Senator CHAFEE. We'll now move on to Senator Wyden.

OPENING STATEMENT OF HON. RON WYDEN, U.S. SENATOR
FROM THE STATE OF OREGON

Senator WYDEN. Thank you, Mr. Chairman, and Ms. Browner.

To me this debate shouldn’t come down to just the question of
your health or your money. Our country made the wise judgment
years ago. The Clean Air Act was going to be based on health
standards. I don’t think the country wants it changed. I would fight
changing it. I think there are legislators on both sides of the aisle
who don’t want to see that compromised.

At the same time, I can list three or four specific concrete ways
that once we keep the health foundation, we can look at ways to
hold down costs. For example, in my area we like to give credit to
parts of the country that have done the heavy lifting and are mak-
ing progress. For example, and I want to be very specific on this,
because I think it is important to find a way to come together after
we have made the judgment that we want a health standard to
look at ways to hold down these costs.

For example, we’ve got communities in Oregon that are very con-
cerned that they’ve got to spend their time on paperwork getting
officially reclassified as in compliance with 1990 standards rather
than just bringing you the data showing that they are making the
progress and moving on.

Can we start that discussion with some of those things and begin
to bring people together around that point?

Administrator BROWNER. I agree, and, in fact, the question of re-
designation is one that Ms. Nichols and her office has focused a
great deal of energy on. We are now expediting those applications
for redesignation. I think we have been able to reduce the time sig-
nificantly from—unfortunately, it was taking years but we now
have it down to months.

Senator I know you appreciate the fact that there is a process.
It is not simply the EPA and the States saying yea or nay. There
is a public comment and a public right to know mechanism em-
bodied in a redesignation decision, and that does take a chunk of
time in there, but I think the fact that we have been able to reduce
it literally from years to months is an indication of our willingness
to work with communities.
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Senator WYDEN. What are your thoughts about expanding, for
example, the trading of credit as another way, again, to bring peo-
ple together as we look at an Act that has a health standard?

Administrator BROWNER. We would agree that emissions credit
trading programs have been very, very successful. As I've said in
answering some other questions, the history of the Clean Air Act
is that the estimates of costs on the front end turn out to be much
greater than the reality of the costs on the back end, and I just
want to show you a chart.

We looked at three fairly significant decisions under the Clean
Air Act. We looked at what people said it would cost us to solve
the acid rain problem in the country and what it has actually cost
us. The estimates on the front end range from $1,000 to $1,500 per
ton. Today, you can buy a credit for $78 on the Chicago Board of
Trade. We looked at what it cost to produce a cleaner car. When
we went to Detroit and said, “Make us a cleaner car,” they said,
“It’s going to cost something on the order of $1,500.” That car is
on the road today and it is costing between $60 and $100 a car.

Over and over again industry rises to the occasion. The cost of
actually providing cleaner air comes down significantly from the es-
timates, and, equally important, the benefits of clean air are far
gr(ilater than we could have ever estimated or guessed on the front
end.

Now, I would also tell you there is a process. We are using a Fed-
eral Advisory Committee process to look at other streamlinings,
other innovations, that we can make in the implementation of the
law. What can we do to respond more quickly, to turn around the
kinds of answers that the Federal Government and State govern-
ments need from us. We have a process underway.

Senator WYDEN. I've got my warning light on, and let me see if
I can wrap it up this way.

I would like to submit to you, Ms. Browner, because you have
been responsive to our State in the past and we’ve worked closely
together about four or five specific suggestions in this area. I think
it is important for us to talk about how to deal with regional dif-
ferences. I think that it is important that we talk about how this
is integrated in the whole debate about energy policy and energy
deregulation.

My only concern is for those of us who feel strongly about keep-
ing those health-based clean air standards. It is critical, in my
view, to not make the discussions about implementation some kind
of afterthought and just something that is going to be discussed an-
other day. We're going to keep the guts of this Act. We’re going to
fight those who try to compromise it, but, at the same time, I think
every step along the way we want to be looking at these kinds of
ideas, and we will furnish them for the record in writing, and look
forward to pursuing them with you.

Thank you, Mr. Chairman.

Senator CHAFEE. Thank you, Senator.

Senator Sessions.

OPENING STATEMENT OF HON. JEFF SESSIONS, U.S. SENATOR
FROM THE STATE OF ALABAMA

Senator SESSIONS. Thank you very much.
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Administrator Browner, I think you are a great advocate for the
position that you’re taking. We have a little different perspective
in the sense that we have to represent the people of our States, and
we have to be sure that what we are asking them to sacrifice to
do is actually going to get the kind of benefit and advantage that
you predict that it will.

In that regard, I have some concern about the numbers. Senator
Allard asked about the number of children protected, the number
of people protected, and I think he said 133 million. But if you have
that chart there of the smog and ozone, I think we had an agree-
ment from all the scientists that were here last time that the
present level of ozone and present levels for particulate matter are
not really adversely affecting the health of healthy people. The
focus has been on those who are sensitive in some way.

Isn’t that a fact?

Administrator BROWNER. We can show you, I think, what CASAC
said, if I might, just paraphrase what the scientists said, which is
it is true. The current levels provide some level of protection, but
they leave too many people at risk. There are too many premature
deaths, there are too many aggravated asthmas, there are too
many respiratory illnesses. That is what the science, the human
health effect science shows us. It is not to say that all the work
we’ve done hasn’t been great and hasn’t been necessary, but the
science now shows us that we again need to take another step. We
need to add another layer of bricks.

Senator SESSIONS. But we can go further. I will respect that, and
I think we can go further, and we need to do that as we are able
and as the science supports it.

But I was just looking at this figure. It has dawned on me that
all the total protected Americans means is that that is the num-
ber—122 million people—who live in the areas of this country that
will now be under some control if this law goes into effect, these
regulations go into effect. That is what you mean, and I would just
suggest to you that that overstates in the minds of most of us when
I first saw it the real benefits that we might be getting from these
new standards.

Wouldn’t you agree?

Administrator BROWNER. I think it is important to think about
this in the real world, and what the science now shows us is that
far too many people under current levels of pollution are experienc-
ing aggravated asthma. They are having more attacks. We make
the decision and we propose the decision based on the science and
the recognition that too many people are suffering and that the law
requires a level of public health protection.

I mean, I don’t think anyone—and I don’t want to say that you're
suggesting this—but I don’t think anyone would find it acceptable
for us to sort of say, “OK, for the children out there who are experi-
encing asthma attacks because of polluted air, aggravated asthma
attacks, don’t go outside, or hold your breath when you walk
home.” T mean, that is not a solution. I mean, we have to look at
where the science takes us, and the science shows that a lot of peo-
ple, a lot of people, do experience effects.

It also—when you propose to strengthen the standards, when you
propose to tighten the standards, it is also important—and I would
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be the first to admit this—to recognize that we continue to preserve
the health of some number of children. I mean, we can’t ignore the
fact that some number of healthy children will without taking ac-
tion become ill and preventing them from becoming ill in the first
ipstar&ce has always been part of what the Clean Air Act envi-
sioned.

Senator SESSIONS. I just want to try to get a little more clarity
in what we'’re talking about.

We know that ozone has been falling because of regulations this
government has imposed consistently for a long time. We also know
that asthma attacks are going up, and we don’t know why that is
true. It is certainly not because ozone is increasing. There is some-
thing else that is causing the increase in asthma attacks of which
we don’t know, and that to me points out some of the problem.

All this 122 million figure says is that is how many people live
in areas that are now under these new standards. It can be nothing
else, the way I would calculate it.

Another thing on the standards and science of it, again, I'm not
a scientist. The commissions have studied it, but I notice that Dr.
Schwartz of Harvard, who supports your standards, the first line
virtually in his statement to the committee was that on the pro-
posed particulate standard the EPA is not out in front on the
science and lags behind the rest of the world in data on that.

Would you agree with that?

Administrator BROWNER. I have not seen that particular state-
ment. I would be more than happy to take a look at it.

Senator SESSIONS. This is what he said.

The EPA is not out in front of the science on the proposed particulate standards,

but rather lags behind a number of governments in Western Europe and inter-
national scientific bodies.

Administrator BROWNER. What my colleagues who were at the
hearing say Dr. Schwartz was saying is that the EPA and the Unit-
ed States lags behind in terms of the public health protections that
other places have tighter standards.

Senator SESSIONS. I'm reading his written statement. It says,
“The EPA is not out in front of the science on the proposed particu-
late standards.”

Administrator BROWNER. As I hear you say that, what he is say-
ing is we haven’t gone beyond where the science takes us, but we
are following where the science takes us, which is what the law re-
quires of us, best current science. I mean, we can, obviously, all
check with him, but my sense is what he is saying, based on what
you are reading is that the EPA is following the science, which is
what we are required to do.

Senator SESSIONS. Well, I just think when we know a new period
is coming up, a new 5-year report and analysis has to be made, the
EPA does need to be out in front in developing and ensuring that
scientific research is done so that when we get to that point, we
can make the most rational decisions that are possible.

Administrator BROWNER. That is why, obviously, the scientific
work is ongoing and why, as I think Senator Inhofe noted, the EPA
budget does include dollars for ongoing scientific analysis. That
would be appropriate.

[The prepared statement of Senator Sessions follows:]
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STATEMENT OF THE HON. JEFF B. SESSIONS, U.S. SENATOR FROM THE
STATE OF ALABAMA

I would like to thank Senator Chafee for holding this hearing today to discuss the
EPA’s proposed changes to the Ozone and Particulate matter standards. I would
also like to thank EPA administrator Carol Browner for appearing before this com-
mittee and to express my commendation to all who have done so much to identify
and help solve air pollution problems. In partnership with cities, states and indus-
try, we have seen the national levels of both ozone and particulate matter decrease
significantly in recent years.

We hear many arguments on both sides of the issue concerning the increased
health benefits, or lack thereof, for families and children. As a father of three, I
want to find an answer to this health problem and support those parents and dedi-
cated health professionals who are working for the cleanest possible air. However,
the recent hearing held before the Clean Air subcommittee with a panel of scientists
who advise the EPA, raise questions as to whether the proposed new standards for
ozone and particulate matter will be the best way to better health.

Testimony from that hearing showed that the proposed new ozone standard will
have only a minimal impact on the number of hospital admissions, leaving the bulk
of those who suffer still looking for an answer.

Testimony from that hearing also illustrated a lack of scientific data to support
proposed changes to the particulate matter standards.

In addition, dialogue from that hearing served to demonstrate the disagreement
within the scientific community regarding changes to those standards, relative to
the health merits such a change might bring. One study on particulate matter con-
ducted by Dr. Joel Schwartz of Harvard University, in Birmingham, Alabama,
showed that an increase in PM concentrations adversely affected health and caused
increased premature death among those who were elderly or had serious health
problems. However, a study by Davis and Jackson, of the National Institute of Sta-
tistical Science, using the same data, noted that when you added one more factor,
humidity—the causality between mortality and increased levels of particulate mat-
ter became “statistically insignificant”—casting serious doubt as to whether or not
particulate matter or some other factor may have been at play.

Certainly, there appears to be no clear consensus from the scientific community
regarding the benefits of imposing these standards. Dr. Morton Lippmann, former
chairman, and the current chairman of the EPA’s Clean Air Scientific Advisory
Committee, Dr. George Wolff, both expressed serious disagreement over the science
used as the basis for establishing new standards for particulate matter and ozone.
One issue they did seem to agree upon however, was the need for the scientific com-
munity to have more time to collect and analyze data, and to weigh the health bene-
fits such changes may or may not bring. Further, Dr. Schwartz, who testified in
favor of the new standards, flatly stated that the EPA “lags behind” in the scientific
analysis of this issue.

The EPA is currently working under a court order to complete its review of partic-
ulate matter standards. As the former Attorney General for the State of Alabama,
I have witnessed many instances when groups have filed lawsuits and used court
orders a tool to help push through their agenda. It is important to note that the
court order does not require the EPA to consider ozone standards but only to review
the current standard for particulate matter. It does not require the Agency to im-
pose new standards.

In conclusion, I am in support of policy decisions based on sound science which
will have a positive health impact on the families and children of this nation. If we
are unsure about what is causing the increase in respiratory ailments, and the
science appears to be inconclusive, then let’s direct our efforts into promptly con-
ducting the studies that will give us that information—then act.

Thank you, Mr. Chairman, for this opportunity to learn more about how and why
these new standards have been proposed. I look forward to learning more about this
issue from today’s witnesses.

Senator CHAFEE. Thank you, Senator Sessions.
Senator Smith.

OPENING STATEMENT OF HON. ROBERT SMITH, U.S. SENATOR
FROM THE STATE OF NEW HAMPSHIRE

Senator SMITH. Thank you, Mr. Chairman.
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Good morning, Administrator BROWNER. I have a statement that
I would like to enter into the record, Mr. Chairman, and beyond
that, I would just make a comment.

I heard your comments regarding the backyard barbecues on the
way into work this morning. I heard an ad that certain members
of the Senate and the House were willingly rolling back—willingly
wanting to roll back standards for clean air so that children could
get sick. So I think I am just as outraged by that ad, whoever ran
it. I don’t even remember who it was.

Administrator BROWNER. I would agree.

Senator SMITH. I just want to ask one question for clarification
on the Executive Summary, National Air Quality and Emissions
Trends Report.

Administrator BROWNER. It is our Trends Report, I believe?

Senator SMITH. Right, and in that report there is a chart that
lists each of the six items, and it says, “air quality percent change.”
This is from 1986 to 1995. “Carbon monoxide minus 37 percent,
lead minus 78, nitrogen oxygen minus 14, ozone minus 6, PMio
minus 22, and sulphur dioxide minus 37.”

We still have not reached full attainment on the 1990 Act. Is
that correct?

Administrator BROWNER. The States have adopted their imple-
mentation plans. They are putting—the plans are there that bring
us into attainment and the steps are being taken. Similarly, we
have worked with industry to develop the new technologies, the
new solutions, and those are now being installed.

It is true from the time you make a decision, from the time you
adopt a plan and you develop a technology, there is then a period
of time that plays out for the implementation.

Senator SMITH. Do we have any idea once it’s fully implemented
how much those numbers would change? I would assume they
would go up slightly if the Act were to be fully implemented.

Administrator BROWNER. I'm trying to remember that particular
chart. That chart may well be what the public health protections,
the current public health standards for the six most commonly pol-
lutants get you when full implementation is achieved. I apologize—
I can go back and look at that chart.

Senator SMITH. All right, if it is—let’s assume for the sake of ar-
gument that it is full implementation. Does that figure remain—
if we didn’t do anything except maintain the current standards,
let’s say, if we made no changes, we just stayed where we are, do
those figures remain static or do they change?

Administrator BROWNER. They can change. Whether or not they
will change we will only know at the time. Obviously, you have
changes in the economy, you have changes in different industrial
sectors, so you can have changes in terms of the gross numbers.

It might be helpful, Senator, for me to just explain one thing for
a moment. The law very specifically told the EPA to focus on the
six most commonly found air pollutants—those are the six you
read. You might want to know that in the last 4 years we did our
5-year reviews not just on particulate and ozone, but we also did
them on carbon monoxide, sulphur dioxide and nitrogen dioxide,
and in all of those we retained the current standards on.
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Senator SMITH. My point is that is a good track record. That is
a very positive statement for what the Clean Air Act has accom-
plished. My question is simply do those figures remain constant or
will they change if you didn’t do anything except maintain where
we are? If we looked at this 5 years from now, would ozone be
minus six or would it be minus 11? I mean, does anyone have any
idea?

Administrator BROWNER. I think they essentially stay the same.
Here is the trouble we’re having

Senator SMITH. I want to ask one question

Administrator BROWNER.—one growth does occur but technology
continues to improve. So you get some increase because of growth
but you get a decrease because of technology. They will remain es-
sentially the same, and our requirement is to make sure that if
keeping them the same is adequately protecting the public’s health.
What we found in most instances is yes; in two we found no.

Senator SMITH. One final question regarding the northeast. As
you know, there are certain areas of the country that are in non-
compliance, in many cases through no fault of their own or not en-
tirely through their own fault.

I'm concerned that more stringent standards could leave an area
like the Northeast in non-compliance for even longer periods of
time, which is beyond our capability to correct. Are these standards
going to enhance that problem?

Administrator BROWNER. I think in fact it is the opposite, which
is a more stringent public health standard reduces overall pollution
which is better for your State and for many other States. If we take
the steps to reduce the generation of pollution based on protecting
the health of the American people, it will be better particularly, I
think, for your State.

Senator SMITH. Except for the fact in a State like New Hamp-
shire if we drove all electric cars, we still couldn’t keep in compli-
ance.

Administrator BROWNER. Well, one of the things that we have
learned over the last 20 years in implementing the Clean Air Act
is that much air pollution is really a regional phenomenon, and, for
example, we have a process underway—your State is engaged in it
and many of the States here are in fact engaged in looking at how
to deal with the regional problems, recognizing that you cannot
simply address this on a State-by-State basis. Some of your pollu-
tion may in fact be coming from somewhere else.

Senator SMITH. My time is up, but when you are in non-attain-
ment—the point is when you are in non-attainment, you are in
non-attainment, and you are expected to get into the attainment
category, and you may not be able to do it, and I respect what you
are trying to do and say on the other areas where the causes of the
problems are whether it be, you know, the midwest or wherever.
But the point is if these standards are stacked on top of the others
in the areas of non-attainment where we cannot do anything about
it really, that complicates the problem for those regions.

Administrator BROWNER. What strengthening or tightening the
standard would do is in fact require those other areas to do their
fair share and thereby improve the quality of your citizen’s air.
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I want to say something more generally about ozone. If you look
at the areas that today might not be able to meet a tougher stand-
ard, the standard we’ve proposed, 70 percent of those areas would
be able to meet a tougher standard through currently available or
about to be available solutions.

Let me explain what I mean. Cleaner gasoline is being used in
many cities to reduce air pollution. It could be used in more cities.
It’s available; we don’t need to do anything else. It’s been designed
and it’s being sold. Next year because of some very good work done
by Mary Nichols and her colleagues in the Air Office, the cars that
are sold in this country will have a little $10 device inside. You
won’t even know it’s there. It’s called an on board canister and it
reduces air pollution. As more and more cars are sold with this
new air pollution device, the pollution levels come down. So if you
look at those sorts of things—and we have many more of these
cleaner small engines, cleaner diesel engines, cleaner train engines,
they’re in the pipeline and they’re coming. There are technologies
that are being developed, are developed, about to be implemented.

When you take into account just what we know, not what our
minds can dream of, but what we know, 70 percent of the areas
that might not today meet a tougher public health standard would
be able to do so through available common sense cost-effective solu-
tions.

[The prepared statement of Senator Smith follows:]

STATEMENT OF HON. BoB SMITH, U.S. SENATOR FROM THE STATE OF
NEW HAMPSHIRE

Thank you, Mr. Chairman, for holding this hearing today on what is certainly a
complex and controversial issue—EPA’s proposal to tighten the ozone and particu-
late matter standards under the Clean Air Act.

I believe it is incumbent upon this committee and Congress as a whole to carefully
and thoughtfully examine this far-reaching proposal to ensure that sound scientific
principles have been adhered to, and that the entire scope of costs and benefits has
been evaluated. I'm interested in seeing that we adopt good public policy, not expe-
dient public policy. I care deeply about protecting human health, but we must con-
sider the full ramifications of our actions.

From the subcommittee hearing last week, there was consensus that the Clean
Air Scientific Advisory Committee did not have adequate time to deliberate; that an-
other 5 years would be needed to develop adequate data on fine particles; and that
the court-ordered deadline perhaps forced premature recommendations. Of course,
we need to be concerned about the health effects of these air pollutants and we are
taking steps now to reduce them. But, we must ensure that any tightening of these
standards is done using sound science.

While much of southern New Hampshire does not currently meet air quality
standards of ozone, a significant portion of the ozone problem in this part of New
Hampshire is due to the transport of air pollutants from outside the state. New
Hampshire’s utilities have made great strides in reducing emissions within the state
and reformulated gasoline has been introduced in our non-attainment areas, but it’s
still not enough. Consequently, I have been a strong supporter of taking steps to
improve New Hampshire’s air quality by addressing the air transport problem using
cost-effective, market-based approaches.

While EPA’s proposal is only in draft stage and these standards are not due to
be finalized until this Summer, I am concerned about the potential for new non-at-
tainment areas to be created as a result of these standards, particularly since much
of New Hampshire’s air problems come from outside our borders.

I am also concerned, like Senator Chafee, that this standard setting process could
produce a backlash against the Clean Air Act. EPA recently produced the Clean Air
Trends Report that clearly shows what great progress we are making in cleaning
up the air in this country—and we will continue to make progress even in absence
of these standards. For example, the acid rain reduction program is just getting into
high gear. The trends report shows a 37 percent reduction in sulfur dioxide and that
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means a 37 percent reduction in particulate matter since sulfur dioxide is converted
to fine particles.

In conclusion, Mr. Chairman, we must proceed carefully with regard to the new
standards. It is important to remember that every solution creates new problems
so we need to ensure that the public health is protected in the best way possible—
not the most expedient and popular way possible. We only need to recall the asbes-
tos fiasco a number of years ago when Congress mandated that asbestos be removed
from schools only to find out later that we had released more asbestos into the air
and exposed more children to it, while costing school districts millions in removal
and remediation costs. In short, we made a mistake and had to come back and fix
it. I don’t want that to happen with these rules.

Thank you, Mr. Chairman, and I look forward to hearing Administrator Browner’s
testimony and the opportunity to ask questions.

Senator CHAFEE. Thank you, Senator.
Senator Hutchinson.

OPENING STATEMENT OF HON. TIM HUTCHINSON,
U.S. SENATOR FROM THE STATE OF ARKANSAS

Senator HUTCHINSON. Thank you, Mr. Chairman.

Administrator Browner, with all due respect and great appre-
ciate for the conviction and the sincerity and passion with which
you've made, I sincerely question the certainty that these new pro-
posed air standards—based upon what we heard last week in the
hearing from scientists, based upon my own study and reading, the
certainty that these new proposed standards are following best
science, I think that certainty and that dogmatism is greatly exag-
gerated.

But I want to pick up on one phrase you've used. In one of your
answers you said, “The practicality of attaining these standards.”
So let me just make a few points, and then I'll ask you to respond.

I understand that during CASAC’s deliberations several mem-
bers indicated that there was a need to mandate the collection of
monitoring data that would allow for a better characterization of
PMzs. There is relatively little information regarding actual levels
of PM2s. In fact, the EPA’s criteria document states, and I'm
quoting, “No credible supporting toxicological data are yet available
for PM,5s.” There are thousands of monitors that measure PMio be-
cause that is the current standard that States have to live by to
be in attainment, but there are relatively few monitors in the
United States that have the ability to measure PM;s.

As T understand the EPA’s PM2 5 proposal—I can see new charts
coming up immediately—the new 2.5 proposal would set new an-
nual average and 24-hour average standards based on a 3-year roll-
ing average of these values in an area. If I am correct in my under-
standing, it would take about 5 years before States could realisti-
cally determine non-attainment areas. I say 5 years because there
are currently no monitoring networks for PM,s. They would have
to be developed—could take up to a year. Once the monitoring be-
gins, enough data must be collected to determine non-attainment.

Because the EPA has proposed standards involving 3-year aver-
ages, at least 3 years worth of data would be necessary to deter-
mine which areas are non-attainment. Then after these 3 years the
data would have to go through a quality control process, which is
required by the EPA and may take about a year to ensure that all
the readings are valid.
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So we have a 4- to 5-year time period before adequate data would
be available on PM.s. However, it would seem that the Governors
would have to submit a list of non-attainment areas at about the
same time that they would just be getting a monitoring network
fully operational.

According to the Clean Air Act, 1 year after the EPA sets the
clean air standard Governors must submit a list of non-attainment
areas in their States. Two to 3 years after the standard is promul-
gated, the EPA must designate non-attainment areas based on
those submitted lists.

Administrator BROWNER. OK, now——

Senator HUTCHINSON. Let me—I've been waiting a long time for
my 5 minutes.

Once the State is designated non-attainment, the State must
submit a State implementation plan in 3 years showing how it will
attain the standard. But here is the point—if you compare the time
line required by the law under the Clean Air Act and the realistic
time line to determine non-attainment areas for PM.s, there seems
to be a conflict between the availability of data on ambient PMzs
concentrations and the rigorous legal deadlines that are set in the
Clean Air Act.

Now I have a series of questions while the light is still green.
How can the Governors make valid judgments about an area’s non-
attainment status without 3-years of valid PM. 5 data?

Administrator BROWNER. They are

Senator HUTCHINSON. Let me finish.

Administrator BROWNER. Oh, I'm sorry. Do you want me to re-
spond as you go along?

Senator HUTCHINSON. Let me finish.

Administrator BROWNER. I've got to write them down. Hold on.

Senator HUTCHINSON. How can they make valid judgments about
an area’s non-attainment status without having the 3-year’s valid
PM.s data? How can they possibly provide meaningful lists of
areas for non-attainment designation 1 year after you promulgate
PM. s standard when no monitoring network or ambient data exist
for PM2s today? And have any regulations or guidance been devel-
oped for setting up such a network, given that PMys differs from
PM.,, obviously?

So to me it looks like a long time to do the monitoring. Wouldn’t
it be appropriate to wait until we have that data to make that kind
of imposition upon the Governors?

I'm done.

Administrator BROWNER. You have done a great summary of a
very lengthy portion of the Clean Air Act, and let me try and step
back for just a moment, if I might.

I think there are two questions here. First, did we have—did the
scientific community have 2.5 information when they did their
health effect studies? That’s one question, and then the second
question is what has to happen—what are the steps, as you very
nicely set out—that flow from a public health decision in terms of
implementation, in terms of monitoring networks?

Let me begin with did the scientists have the 2.5 information?
What we have up here, Mr. Chairman, and members of the com-
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mittee, is a map of all the cities in the United States where 2.5 is
being measured.

Senator HUTCHINSON. How many is that? Is that less than 50?

Administrator BROWNER. It’s 51 cities where

Senator HUTCHINSON. 51 as opposed to thousands.

Administrator BROWNER. If I might just—the point is, and I'm
speaking to the first question, there is a lot of data about what
happens when people breathe 2.5 particles. That’s what this shows,
that there is 2.5 being measured.

Now in terms of developing and implementation programs, you
are exactly right. The EPA will set guidelines in terms of what is
the monitoring network. In fact, we are now taking comment on
what is called a Federal Referenced Method, and just like we do
for lead, like we do for ozone, like we do for PMio, an entire net-
work will be put in place, as it should be.

Based then on that network, which we anticipate we can get up
and running in the timeframe envisioned by the Clean Air Act,
Governors, based on the facts that they receive

Senator HUTCHINSON. How long is that?

Administrator BROWNER. We're starting now, actually. The work
is being started now.

Senator HUTCHINSON. Will it take a year to get the network up?

Administrator BROWNER. What the law envisions, just to make
this clear, is that a Governor not have to make a final set of deci-
sions without the network. I think that’s the question you're going
to.

Senator HUTCHINSON. It’s more than that. Is there an estimate
of how long it will take to get the monitoring network up?

Administrator BROWNER. It takes—about 2 to 3 years.

Senator HUTCHINSON. Two to 3 years.

Senator CHAFEE. Now, folks, we are running over a bit here. If
you can answer Senator Hutchinson’s question, and then we’ll
move on.

Administrator BROWNER. It takes about 2 to 3 years to fully in-
stall the network, and we are beginning the process now.

Senator CHAFEE. Did you have a balance of a question that he
asked that you have not answered?

Administrator BROWNER. Yes, but——

Senator HUTCHINSON. Mr. Chairman, I just want to say I think
if you look at the time line as to what you’re going to be requiring
of the Governors, and what the requirements of the Clean Air Act
are, there is a big conflict in what they’re going to be able to do
practically.

Administrator BROWNER. If we might respond, this is a very de-
tailed question for the record with specificity. If I might say, there
is a long history under the Clean Air Act of how this relationship
and public health standards and the work of the EPA and the
States evolved, and no Governor would be required to do anything
until he or she had the appropriate data base. That is what the
Federal Referenced Method gives you, and that is what we are now
working on.

[The prepared statement of Senator Hutchinson follows:]
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STATEMENT OF HON. TiM HUTCHISON, U.S. SENATOR FROM THE STATE OF ARKANSAS

Thank you, Mr. Chairman. I am, once again extremely pleased to have this hear-
{ng today. The more I understand about this issue, the more I realize there is to
earn.

Last week at the science hearing, I learned how much difference in opinion there
is, even among the CASAC scientists, regarding the findings of CASAC and what
should be done about those findings.

It is obvious how difficult and complex these issues are to understand, but the
fact that there was such division among the scientists was very surprising. One of
the points you continuously stressed in your testimony during the Arizona court
case was the need for time to do studies so that you could make “scientifically
sound” decisions for PMss.

I completely agree and I am sure there is nobody in the United States who doesn’t
want these studies to be based on sound scientific principles. If we are going to im-
plement these standards, it is important to understand the science behind the prob-
lem so we can eliminate the problem.

Unfortunately, based on the fact that there is very little data on PMs, it does
not seem that your decision is based on science that is scientifically sound. It seems
that your decision was based more on pressure to make a decision than on sound
scientific principles. I look forward to your response on this issue.

Regarding ozone, I am alarmed by a couple studies that indicate that there is a
possibility that, even if we eliminate all man-made Volatile Organic Compounds
(VOCs), some areas of the country could never be in attainment.

Another concern I have is the fact that there is no scientific evidence that sup-
ports a threshold level for regulation of ozone. In other words, we do not know if
there is any level, including the naturally occurring background level, that ozone is
safe.

I am concerned with the fact that I have heard claims that ozone causes asthma,
yet we heard from Dr. Thurston and others last week that this is not the case.
Ozone simply does not cause asthma, yet these scare tactics have sent fear through-
out the United States.

I am interested in the truth behind the problem of air pollution. I want to know
that we are doing the right thing that will save lives, yet there seems to be little
in the science that supports these standards.

Sure, there are scientists that will support these standards, but there are sci-
entists, even scientists on CASAC, the committee EPA appoints to study ozone, that
will dispute these claims.

We need to know all the facts before making such a huge decision. I know we
all are interested in learning all the facts in the science, as well as the facts in the
decision. For these reasons I look forward to this hearing.

Thank you Mr. Chairman.

Senator CHAFEE. Thank you.

Thank you, Senator.
Senator Lautenberg.

OPENING STATEMENT OF HON. FRANK R. LAUTENBERG,
U.S. SENATOR FROM THE STATE OF NEW JERSEY

Senator LAUTENBERG. Thank you, Mr. Chairman, and I apologize
to the Administrator for not having here through her testimony. I
hope Jhat what I'm going to ask about hasn’t already been dis-
cussed.

There is an EPA study that suggests the benefits of air pollution
controls far outweigh the costs. The study reveals that for every
dollar that is spent on pollution controls since 1970, the country
has gained $45 in health and environmental benefits, and, of
course, that includes doctor’s visits, hospitalization, work time lost.

If we tighten the standards that we’re now talking about, can
you see it yielding similar benefits, similar cost-effectiveness?

Administrator BROWNER. When we look at the two standards
taken together in terms of the public health protections that they
will provide, the cost of meeting those standards, what we find is
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on balance the benefits will exceed the cost, as has been the history
under the Clean Air Act.

Senator LAUTENBERG. Are we talking about similar proportions?

Administrator BROWNER. The range is not as large as the histori-
cal range, but I would like to caution——

Senator LAUTENBERG. It need not be, of course.

Administrator BROWNER. Well, I think it is important to just ex-
plain to people when you do a cost benefit at this point in the proc-
ess, there is a speculative nature to it. Until you actually sit down
industry-by-industry and figure out exactly which one can most
cost effectively be used to reduce how much pollution, you're deal-
ing with ranges, and they can be fairly broad ranges.

Once we complete a public health phase, we then move into an
implementation phase, which can make a more precise judgment in
terms of cost and benefits, as the law requires.

Senator LAUTENBERG. Now because part of what we are required
to answer is the industrial response—it says, you know, the cost
far outweighs any benefits, etcetera—and I don’t know how that ar-
gument ever really gets solved until there is a historical perform-
ance to judge it by. So I would hope that we can establish the fact
that the costs, though dispersed among lots of people, lots of places,
can be easily justified if we are willing to take the risk with some
of these, or at least develop as much information as we can to
make the case.

Administrator BROWNER. That is certainly what our cost-benefit
analysis now shows. It is 10 to 20 times greater in terms of the
benefits exceeding the cost.

Senator LAUTENBERG. And, again,